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In May 1903, tne Office of University Affairs of mo 
national Aeronautics and Space Adm i n i strat i on (NASA) signed a 
grant establishing a Remote Sensing Information Sciences Research 
Group at the University of California, Santa 3arbara. This 
document represents the first annual report of work conoucteo 
under this grant (Grant# NASA NAGW-455). This document also 
orlefly describes the research to be concucted in tn6 seconc year 
of this effort. 

Fundamentally our research will continue to focus on 
improving the type, quantity, and quality of information which 

has to date and can oe derived from remotely sensed data. This 

/ 

effort, as seen in the fol lowing text, has been directed at 
integrating, extending, ana expanding existing remote sensing 
researcn activities at UCSS in the areas of Vegetation analysis 
and Model ling, Georef erenced Information Systems, Machine 
Assisted Information Extraction from Image Data, and Artificial 
Intel I i gence . 

As the world's population expands, there is an ever 
Increasing need for systems and processing techniques capable of 
acquiring, integrating, and analyzing information concerning the 
extent, use of, and changes in the major components of tne eartn's 
surface. NASA is playing an important role in tne development of 
such capabilities. This role, however, requires that farsignted 
fundamental research be directed towards the scientific 
appl ication of technologies which can improve tne oase upon which 
assessments may be made of both tne current and chancing status 
cf the components of the oiospnere, hycrcspnere, lithospnere, ano 
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atmosphere. 

The program of research, documented in this annual report 
which is being carried forward by personnel of the University of 
California, Santa Barbara, represents the start of what we 
consider to be a five to ten year effort. Through this work, we 
have targeted fundamental research aimed at improving our basic 
understanding of the role of information systems technologies and 
artificial intelligence techniques in the integration, 
manipulation and analysis of remotely sensed data for global 
scale studies. This coordinated research program is possible as 
UCSB has a unique combination of researchers with experience in 
a I I these areas . 

Efforts during the first year of this effort have focused on 
the Integration of existing research activities at UC33 ana the 
Initiation and conduct of a number of research activities with a 
variety of NASA centers. We have also worked on background 
assessments of research and technology involved in the 
establishment of a Pilot Land Data System for NASA Headquarter s . 

In addition we have begun a smal I pi lot project, oui Iding on 
our existing work with NASA Life Sciences and Earth Sciences and 
Applications Divisions through the Johnson Space Center, This 
pilot study is being used to test our concepts of how artificial 
intelligence assisted information processing, extraction, and 
user interface techniques may be integrated to Increase our 
ability to conduct studies which lead to an improved 
under stand i ng of glooal processes. 

As will be seen in the detailed sections to follow, 
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considerable field work has been completed, In concert with 
Johnson Spacecraft Center (JSC) staff, to gather the necessary 
data. The development of a "test bed" processing environment 
wl I I begin in the coming year of the project, serving to both 
demonstrate the potential of these technologies and to improve 
our Interactions with MASA Headquarters and Centers personnel. 

V.’e feel strongly that such close interactions are essential as vie 
oegin our five to ten year research program. 

In addition to the NASA funded and sponsored research 
discussed below, an additional topic of interest and relevance is 
the agreement which UCS8 has negotiated with Digital Equipment 
Corp. (DEC). This agreement (see appendix A) provides that UCS3 
researchers will conduct joint research in the area of knowledge 
based engineering for spatial data case management and use. As 
part of this efforT, DEC provided one half the costs of a 
superm in i computer system for (JCSB's use. The VAX I 1/750 with a 
graphics workstation and peripherals has arrived, been instal led 
and Is operating. The system is dedicated to information 
sciences research. V/e feel that the funding of this effort by a 
principal computer science corporate entity is further 
verification of the status of UCS3 as a center for information 
science research. 

The material which fol lows detai Is ongoing work which has 
been and is directly aided by this grant. Several of the 
projects used this funding as a catalyst to aid other NASA 
offices in the research, in the integration of remotely sensec 
ana other data into an Information sciences framework. The 
fol lowing sections discuss the detai Is of the projects deal ing 
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with: 

* The Conduct of Field Research to Develop a Data 3ase on 
The 3oreal Forests of North America; 

* The conceptual design and recommendations for the 
phased implementation of a Pilot Land Data System; 

* Advanced Data Structures for integration of Image and 
Cartographic Data in a Geograpnic Information System; 

* Applying Artificial Intelligence to Large Networks; 

* Review of Literature related to Global Resource 
Information systems; and 

* Knowledge Based Expert Systems for Crop identification. 

In the next section, these projects are discussed in greater 
detail. Ongoing and proposed activities are discussed. This is 
followed by a brief section summarizing future research 
directions. This first annual progress report concludes with 
four appendices containing material relevant to sections of this 
progress report. 
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Progress Report: Boreal Forest Vegetation Analysis, 

Ely, Minnesota 

Daniel 3. Gotkin and Kerry 0. Woods 
University of California, Santa Barbara 

I. INTRODUCTION 

The work accomplished during 1983 under the funds from the 
NASA Office of University Affairs was part of a I arger study 
titled "Habitability of the Earth: Analysis of Key Vegetation 

Factors. 11 The general purposes of this research are (I) to 
develop and test methods to measure land vegetation biomass, net 
biological production and leaf area index by remote sensing; and 
(2) to apply these measures to estimate the biomass and net 
biological productivity of selected biomes, including the boreal 
forests and north temperate grass l anas. Under funds from the 
NASA Office of University Affairs field verification was 
conducted in conjunction with remote sensing of pertinent 
variables and the development of a data base of relevant material 
Initiated, Specifically, measurements were made in the Superior 
National Forest, Minnesota on those vegetation characteristics 
which are being corre I ated with the fol lowing remote sensing 
measurements: (a) an 8 band Barnes radiometer mounted in a 

helicopter which hovered at 400 feet above each site; (b) the 
thematic mapper simulator flown in a NASA C-130 aircraft; Cc) MSS 
data from Landsat 3; and (d) AVHRR data from the NOAA Satellite. 

This report summarizes vegetation data col I ected as field 
verification in the Superior National Forest. Headquarters for 
the research were maintained in Ely, Minn., adjacent to the one 
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Habitability of the Earth 

mil l ion acre wilderness of the Boundary 'Waters Canoe Area, This 
location was chosen because (I) within the coterminous United 
States, it represents one of the best examples of boreal forests; 
(2) the terrain is relatively flat, which is important in initial 
tests of techniques; (3) excellent logistics were available, 
including jet fuel at the Ely airport, assistance from the US 
Forest Service Office, a well maintained road in a corridor 
Detween two sections of the Boundary Waters Canoe Area where 
adequate varieties of forest vegetation and stages in forest 
development were available; and the existence of good research on 
the vegetation of the region. 

To review, the primary objective of this research was to 
provide detailed ground truth for sites over which intensive 
radiometric measurements are taken so as to permit development of 
accurate calibration of remote sensors for measurement of 
vegetation parameters. There are two steps in the field research 
known as (I) plot measurements and (2) dimension analysis* The 
goal is to determine the leaf area, biomass and past growth rate 
of ai I trees In a sample plot. In theory, this could be measured 
by cutting down all trees in a plot and weighing and measuring 
each component. In reality, this is not feasible, expecially 
within the budget limitations of our project; but it has never 
been feasible in any ecological research project to our 
knowledge. As a result the two stages are used to provide the 
measures of interest. In dimension analysis, a statistically 
val id sample of trees of each species are cut down, cut apart anc 
weighed by categories (leaves, twigs, branches, etc.) These 
weights are tnen related to dimensions of the trees that can oe 
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ootained rapidly in the field Including tree height, tree 
diameter, heignt to the lowest and nignest living Drenches. The 
resulting statistical regression equations are then applied to 
trees measured for the non-oestruct I ve varied I es on sample plots. 
Although these procedures have been done frequently, we have 
extended them and improved the statistical validity of the 
approach . 

The Intent, during 1983, was to focus efforts on stancs 
dominated oy two of the major species of North American ooreal 
forests and the Superior National Forest: black spruce (lowland 

stands) and trembling aspen. Single species were chosen because 
these species have the broadest geographic ranges of any major 
trees in North America, and are major components of the ooreal 
forest throughout North America. They were also chosen oecause 
In every aspect they represent opposite enas of a vegetation 
spectrum: the spruce is evergreen and character i s t i c of cogs and 

other wet sites, and of old growth forests; the aspen is 
deciduous and character I sric of dry, upland areas and new forest 
stands. 

We believe It is especially noteworthy in this report to 
point out the funds for the research were not availaole until 
late spring 1933, and that all planning including site selection 
for the field research began March 20 with the first trip to Ely 
by principal i n vest i ga tors. In spite of this extreme rime 
constraint, we believe that considerable progress was mace toward 
the goals of the research. 
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II. SITE SELECTION AND THE DEVELOPMENT OP A RAPID SELECTION 

METHOD 

During J9S3, basic field procedures involved 1) selection of 
sites (plots) for radiometric measurement covering The range of 
leaf area Index and biomass seen In the region, 2) non- 
destructive measurement of a number of simple, biological ly 
meaningful dimensions on all trees in each sample plot. Including 
(3) modification of standard forestry techniques to meet the 
needs of our research, and (4) destructive sampling of a number 
of black spruce ana aspen trees for direct measurement of the 
parameters of Interest (biomass and area by tree component) and 
for development of predictive relationships oetween plot 
measurements and these variables. 

Progress outlined is of three types: collection of field 

cere; anc refinement of procedures ana c I ar i f i ca t i on of 
quest I cns . 

Even though planning for the project began only three months 
before the field season, we have accumulated a very large and 
unique data set specifically designed for our project. Plot data 
have been acquired for 31 spruce ana 31 aspen sites. Plots were 
chosen to represent as large a range of biomass and production as 
poss idle. 

Initial strati f icaticn of these sites by oiomass/leaf area 
was based on qualitative observations by the principal 
Investigators. One of the unique contributions of the researcn 
was tne development of rapid site selection Techniques using a 
coordinated team of helicopter ana ground crews. In the pasT, 
site selection for ecological researcn nas oeen Gone by ground 
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crews* However, the dense foliage of the boreal forests mage 
location and selection of sites on the oasis of olomass ana 
productivity extremely slow end inaccurate* The principal 
i n vest i gators, In conjunction with NASA nel (copter pilots devised 
tne fol lowing method: tv/o ground crews of tnree each with a car 

one two way radio were directed to s i r 3 s - . ■ i n cl i 

f n vest i gators flying in tne helicopter* , , .j : .i 

could be located rapidly and the fastest and easiest paths to the 

sites determined. Moreover, the helicopter crew was able to 
locate sites and guide two crews simultaneously, lie believe that 
this technique has broad potential for application to research 
related to the study of the biosphere and Global Habitability in 
many areas of the Earth. 

III. GROUND MEASUREMENTS MADE ON HELICOPTER REMOTE SENSING SITES 

At each site chosen for hel icopter remote sensing, a 
circular plot of CO m diameter was mapped, and within this I arger 
plot five small plots were laid out. On each cf these five 
plots, standard measurements of vegetation were made, including 
the diameter, height, and height to the lowest and highest living 
branching. These could then be correlated with the dimension 
analysis data descrloec below, and estimates of Diomass could be 
ca I cu l ated . 

Although initial site selection was strictly qua! l+ative, 
oased on helicopter and ground observat i ons, the available ranee 
of pertinent variables seems to have been we 1 l covered. As a 
result, wa expect that little additional plot data will be 
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Habitability of the Earth 

required in 1984 for the two species, black spruce ano aspen, 
studied in 1983. in audition to the spruce ano aspen data, aara 
were also col I acted for twelve jack pine stands and eight plots 
with a mixture of two species. Jack pine measurements were taken 
to determine the accuracy with which two conifers could be 
d i f f er ent i ated by helicopter remote sensing. The mixed stands 
were measured because most forests were composed of stands of 
several to many species, and it was necessary to begin to 
consider the problem of mixed pixel responses for planning for 
the 1984 field season. These additional measurements, therefore, 
should facilitate design of further study involving stands of 
these types. 

IV. 01 MENS l ON ANALYSIS 

31 spruce trees and 32 aspen Trees, distributed over the 
size range for these species, were cut down for detailed 
dimension measurement. Initial analysis of data from aspen trees 
suggest that, although strong re I at I onsh i ps exist between tree 
dimensions and leaf area, further sampling is necessary to 
develop satisfactory predictive equations. This is because 1) 
variance is largo, 2) some s.pled trees may have Deen atypical 
due to unusual weather, and 3) l crger samples in some size 
cl 3sses are required. Me are also unsure of the biological 
significance of the re I aT i onsh i ps seen. Nevertheless, we have 
been able to use relationships developed from the sacrificed 
trees to make preliminary estimates of leaf area for aspen piCTS. 
These will be compared w I fh radiometric measurements. 3 i cm ass 
estimate for aspen trees and plots are expected be bo more 

6 


) 



Habitability of the Earth 

accurate. Similar analyses v/ M I commence soon on data from 
sacrificed spruce trees. V/e expect tnat these will proceed more 
smoothly since both sampling and analysis techniques have been 
improved through prior experience with aspen. 

V. GENERAL COMMENTS 

The resulting data set is large -- over 2500 pages of raw 
data -- and to our knowledge, unparal leled In ecological 
research. Vie conducted tests on the accuracy of field 
measurements through replicate sampling and the consistency was 
very high. Plot data and data on sacrificed aspen and spruce 
trees have been checked and verified. We are, as discussed 
below, attempting to streamline this process for the 1984 summer's 
work. Fol iage and Dark samples were also col leered and forwardec 
to LARS and JSC for analysis of reflective and transmittance 
properties for use in canopy models. Extensive radiometric (TMS) 
data were col lected; al I sampled sites were measured at least 
once and many several times, 

V/e began the field season in 1 983 with untested Held 
procedures and £ prio ri assumptions about Important 
variables and r e I at I on sh i ps, and discovery of previously 
unsuspected, but important, problems and needs. Plot sampling 
time has been roughly halved; a four person crew (8-HO workers) 
was able to destructively sample one to two trees per day, out 
this rate increased to three trees per day by summer^ end. At 
the some time as rates of data col lection increased, accuracy and 
replicability was improved. We believe that, with no increase in 


7 



Hai> l tab I I i+y of the Earth 


number of personnel, we can increase the amount of cate collected 
next year by 50 — 1 001# without loss of accuracy or reliability 
At the sane tine, various pro : I c m s arose to w n i c h wo are 
currently addressing our efforts. It became apparent early in 
the summer that transfer of aata from the field to Houston ana 
Its entry into the computer data oeise and proof-read i n tf was a 
major bottleneck. For the coming field season, we are developing 
procedures for entering data on magnetic media in Ely, with 
Immediate proof -read i ng. Data may then be sent to Houston for 
direct entry. Sy this neons the interval b otw eon aata col lection 
an b beginning of analysis should bo decreases by several months. 
Initial analyses of 1963 data suggest that forest "background" 
(understory plants, shrubs, ground surface, etc.) Is Important in 
determining plot reflectance, V.'e will assign next summer's 
efforts to cotter aacress tn i s problem. 


ORIGINAL [ /' I'm 'V; 

OF POOR QUALITY 


Habitability of the Eartn, 19-34 Plans 


Go j actives for 1 904 Vegetation Study Field S 

Ely, ;;i nnosota 


t 



Habitat) I I Ity of the Eartn ORIGINAL PAGii IS 

OF POOR QUALITY 

Daniel 3. Botkin £ Kerry D. 'Woods 
University of California, Santa Barbara 

The proposed activities for the 1964 field season are 
designed to provide additional data needed for field verification 
for remote sensing of vegetation biomass, net production and leaf 
area. The justifications for this research are given in our 
original proposal, and will not be repeated here. Specifically, 
the proposed research is to continue to provide the field 
measurements to adequately describe the biomass, leaf area, and 
productivity for a data base on the boreal forests of North 
America. In 1984 we plan to continue work in the Superior 
National Forest of northeastern Minnesota and to explore possible 
field sites for work in the fol lowing years. The I 1st is based 
on our understanding of the composition and dynamics of these 
forests, experiences of I asr year, and inirial analyses of last 
season's data. As analysis proceeds or additional objectives are 
considered, this I i st may change. Field work w i 1 I be conducted 
by a crew of 10, active for 3 months in the Ely area. 

1. We expect to supplement last year's data for spruce and 
aspen in order to strengthen statistical conclusions and study 
year-to-year variability. We will cut-down additional (perhaps 
10-15) aspen trees In order to improve statistical predictors of 
biomass and leaf area and determine the extent of year-to-year 
variability of leaf area in a deciduous species. We are less 
I ikely to need further analysis of lowland black spruce, but we 
may sample some trees of upland black spruce to see if 
relationships developed for lowland trees apply. We do not 
expect to sample additional plots in aspen cr black spruce 
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stands, cut we may resample a small number of those sampled last 
year to test replicability, 

2. A primary objective is enlargement of our database to 
Include additional species important in the Ely area and boreal 
forests in general. To this end we sampled 12 jack pine plots in 
1983. We wl I I expand the data set for jack pine and col lect 
dimensional and biomass/leaf area data for sacrificed trees. 

Other importanT species which may be sampled this summer are 
paper birch and balsam fir. For each species we would locate 2 0- 
30 sample plots and sacrifice a similar numoer of trees, 

3. Since significant areas are occupied by mixtures of 
species, we must develop techniques for estimation of biomass and 
leaf area of mixed stands. Last year, we sampled 8 plots of 
mixed jack pine and rremb I i ng aspen. This year we will sample 
additional plots of this and perhaps other species mixtures. We 
will use measurements from these plots with radiometric data to 
study the contribution to the spectral signature of each species 
in mixed stands. 

4. Since an eventual goal is extension of procedures and 
relationships developed to the entire range of boreal forests, we 
must test them in other areas. A first step in such testing 
might be sampling of a small number of sites in another portion 
of the Superior National Forest (about ICO km from Ely). 
Relationships between vegetation parameters and radiometric 
measurements developed for the Ely region could be tested for 
this r eg i on . 

5. The next geographical extension of the study (during 
future field seasons) should be to parts of the north American 
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boreal forest as remote as possible from Ely, We are looking 
into possible sites in Maine, Queoec, Alberta, and Alaska, 

During the summer of 1984 two primary i n vest i gators (Botk i n and 
Woods) wil I make recona i ssance trips to two of these areas to 
make local contacts, inspect facilities, and evaluate vegetation. 
Such preliminary work will be very valuable for advance planning 
which should al leviate some of the procedural problems 
experienced in 1983. 

6. Throughout the summer we will be testing anc, when 
appr opr i ate, implementing improvements In sampling and measuring 
technique, measurement of "background" vegetation, and transfer 
and verification of data. 

Our goals for the end of 1984 are (I) complete field work in 
the Superior National Forest site; (2) develop statistically 
valid methods to estimate biomass, biological production and leaf 
area for spruce and aspen and one or two additional species; (3) 
obtain an initial understanding of the mixed pixel prob I em for 
forest vegetation; (4) determine the accuracy with which several 
species with similar reflectance character i st i cs (black spruce 
and Jack pine; aspen and birch;) can be distinguished by remote 
sensing and biomass, net production, and leaf area measured. 

This is a somewhat heavier work-load than that of last year. 
However, our 1983 field experience persuades us that, given some 
prior training of crew (several of the field crew will oe 
veterans of last summer), improved procedures, and better 
understand i ng of system and objectives, this load coes not 
represent unrealistic expectations. The work outlined will 


6£ -. 

*SW-fUA- 


C,F tfe&L- 



Habitat) fifty of the Earth 


provide a database, in conjunction with last year's, cf 
unprecedented completeness for an entire vegetational system. 
With calibrated remote sensing data the opportunities for 
detailed and accurate analysis of ecosystem status and function 
will be highly unique and extremely valuable. 
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NASA Pilot Land Data System 

Prof. J.E. Estes, Dr. J.L. Star, Ms. J. Franklin 

Remote Sensing Research Unit, Department of Geography 
University of California, Santa Barbara 
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Dr. J.E, Estes, Working Group Chairman 
Dr. J.l. Star, Working Group Development Engineer 
Ms. Janet Franklin, Graduate Stucent 
University of California, Santa Baroara 

Under the sponsorship of NASA Information Sciences and 
University Affairs offices, the University Space Research 
Association directed a series of workshops intended to develop 
the concept and plan for a Pilot Land Data System (PLDS). When 
implemented, the PLDS wi I I be the functional equivalent of the 
existing NASA Pilot Ocean Data System and Planetary Data Pilot. 
These Data base management and delivery systems are in varying 
stages of implementation. PLDS is being developed to serve the 
same functional needs for the land-related research community. 

Members of the PLDS working group include rspresenrati ves 
from NASA Head quarter s, The NASA center, universities already 
working with NASA, as we I I as repr esentat i v es from industry and 
the U.S. Geologic Survey. Science and technical subgroups mf t 
several times since summer 1983. UCSB personnel with important 
roles in PLDS planning activities are Dr. John £. Estes, Or. 
Jeffrey L. Star, and Ms. Janet Franklin. Dr. Estes is PLDS study 
leader and chairman of the science working group. Dr. Star is 
working with the technology working group. Ms. Franklin, a UCSZ 
graduate student, is employed by USRA as project coordinator for 
this effort. She has spent the time since September 1963 in 
Washington at the USRA offices. Other UCSS staff and students 
have contributed to the planning effort as we I I. The final 
meeting of the PLDS Working group was held in tne Winter of 1934 
at NASA Ames Research Center to bring this phase of the work to a 
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conclusion and begin editing a final report. Dr. Caldwell McCoy 
t and Shelby T I I ford along with other NASA Headquarters personnel 

were oriefed on tne results of the Working Group's be I i ber a t i on s 
in early Spring 1984. The report of the 'Working Group was 
f published as NASA Technical Memorandum 36250: ,r The Pilot Land 

Data System: Report of the Program Planning Workshops in July 

1984, A copy of the report is attached. 

^ The purpose of thePLDS isto improve the ability of NASA 

and NAS A-sponsored researchers to conduct land research, oy 
developing a minimum but representati ve set of data archive, 
management, and processing capabilities. These capabilities will 

w 

be designed to satisy a majority of the information systems needs 
of MAS A-spon sored land research community (including researchers 
insice and outside NASA), and should serve as a prof f-cf -concept 

» 

demonstration to provide a basis for future system expansion and 
beve I opment . 

Principal guidelines for PLDS development include: 

t 

* Coordination with appropriate science users during design 
and implementation is vital. 

* Discipline scientists must specify their req u i remen t s, 
and the information scientists must then base their designs on 

y these needs . 

* System design and implementation must oe phased and 
modu I ar . 

* Data bases are most viable when maintained oy researchers 

^ with a long-term commitment to use of the data. 

The FY84 goal is to establ ish the concept and a prel i mi nary 
program plan. NASA Tech Memorandum 86250 and subsequent meetings 
between NASA Center and Headquarters personnel are continuing to 
produce excellent progress towards this goal. Principal 
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NASA Pilot Lane Data System 

development activities are expected to begin in FY55, w i tn pilot 
demonstrat i on completed in three to five years. Development is 
to oe in response to science requ i rements . 

The scientists involved in the PLDS development nave taken 
primary responsibility for specifying requ i r ement s. This task 
oegan with development of a series of operational science 
scenarios. The science scenarios developed to dote induce: 

* Vegetation Biomass and Productivity 

Botkin ( UCSB ) 

* Terrestrial Ecosystems and Productivity 

Brass at. ai. (NASA/Ames) 

* Land Surface Climatology 

Price, Middleton ( NAS A/Goddor d ) 

* Large Area Landcover Mapping 

Estes, Frank I l n ( UCS3 ) 

* Soil Erosion and Hycrclogicai Modeling 

Reger* (UM>, Lancran (NASA/NSTLj 

* Sedimentary Basins 

Farr (JPL) 

* Regional Mineral Resource Assessment 

Albert (uSGS) 

* Monitoring En v i ronmenta I Change 

Albert (USGS) 

These scenarios nave been analyzed to determine cata sources, 
processing capabilities ana throughput needs, one information 
output products, to evaluate the overal I requ i rements of tne 
PLDS. The scenario approach has oeen taken to oe ao I e to focus 
on specific tasks tne scientists would like to perform, ana Then 
step back ana consider tno generic functions eno structure of a 
pilot implementation. By selecting scenarios from a range of 
topic areas, *3 are ao I e to identify the basic similarities of 
data anc analysis requirements, w n i c n are tnen usee to drive tne 
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specifications of a minimum operational system. 

At the present time, it is env i sionec thaT the science 
subgroup snould continue in both an operational mode, oy 
exercising the system in the conduct of research, anc in a review 
and advisory role. These activities must continue curing pilot 
operat I on , 

The system developers wil I design and implement PLOS 
hardware and software in response to the scientists 1 
requ i rements. The system developers will design and implement 
PLDS hardware and software in response to the scientists* 
requirements. The system developers wil I also provide 
operational support during the pilot demonstr at i on period. 

Con f I gurat i on and technical on s i der a t i on s include: 

* Pilot Operation anc A om ini sr ration 

* Data Management 

Data D i ct I onar i es, Data Sase Management, Data Access 
anc Storage, Srowse Facilities 

* Process i ng 

Software Libraries, Distributed Processing, Unique 
Hardware Facilities. 

* Communication 

Metwork Control and Accounting, Traffic F low. 

Standards, and Possible Configurations 

* User Interface 

User Requirements and Capab i I i 1 1 e s , Accounting, Local 
Area networks, Stanaaras/Guidelinos, Workstations. 

NASA Center Working group Members have met along with 
Headquarters Personnel have net. Scenarios dealing with Land 
Surface Climatology and Sedimentary basins are oeing consioereo 
for initial Pilot development resting. Center roles in 
technology development are being refined, anc levels of funding 
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ere being discussea, along w i tn tne overall structure for the 
pilot. UCS5 personnel hope to continue to assist anc participate 
in the development, demonstration ana Implementation of PlOS by 
the Information Systems Office at NASA Headquar ters . 
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Advanced Data Structure and Geographic Information Systems 


(<cbs) z 

Dr. Donna P3U£U>J — 

University of California, Santa Corpora n , 

— blkSlSl Co-^fOcJOs, 

I ntroduction - ’ 

Large integrated software systems known as Geobased or 
Geographic Information Systems (GIS) have been developed in the 
past fifteen years which can perform al I phases of storage, 
maintenance, analysis and retrieval for geographic data, GIS's 
eased on shared, large-scale, integrated data bases are used for 
a wide range of applications which deal with geographic daTa for 
government agencies and private corporations worldwide. They 
have a l reaGy become an indispensable tool for managing 
biophysical, b i c 1 og i ca I and socio-economic data in a timely and 
efficient manner. However, only a limited volume and range of 
CuTij Types can o a handles c > any one s / s t c? - ... v i - s , 

present GIS technology. Overcoming th*-,- ,.ro. . 

increasing data volume and range of data types, critical for the 
analysis cf complex environmental problems if we are to 
successful ly manage our resources on local, regional, and glooal 
scales [Estes, I960]. 

The purpose of this project is to begin to examine the 
current state of the art in specified areas of GIS Technology anc 
to estabiisn a common ground for research* Study of the quesTicn 
of very large, efficient, heterogeneou s spatial databases is 
required as NASA begins to explore the poTential appi Icatlon of 
remotely sensed data for studying The long-term nabitability of 
the earth* In addition, neither GIS nor remote sensing 
technology can achieve tneir full potential until they era 
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Advanced Data Structure and Geograpnlc Information Systems 

integrated. The research proposed herein is a significant step 
In this Cl rect i on . 

Recent research by Dr. Donna Peuquet (Department of 
Geography, UCS3) has examined the tradeoffs between raster and 
vector processing of geographic data and concluded that neither 
can ever be adequate by itself for large-scale integrated 
databases. Further, the need for raster-to-vector and vector-to- 
rastor conversion processes, which represent a significant system 
overhead, must be avoided whenever possible. Initial work on a 
hybrid spatial data structure which incorporates ch aracter i s t I c s 
of both raster and vector data structures was subsequently 
performed C* D euquet, 1983]. This structure, called the VASTER 
structure, represents a first step in the development of new 
approaches to geographic data handling for G1S to handle 
integrated databases of many types of geographic data on a global 
seal e . 

A simi lar point of view on the part of researchers at The 
National Aeronautics and Space Adml ni strations (NASA) Goddard 
Space Flight Center (GSFC) has resulted In the independent 
development of another structure termed the Topological Grid 
Structure, It is Important at this point in time to coordinate 
the development of these two new types of data structures for two 
reasons; I) to determine the relative performance 
cnaracrer i s t i cs of each structure for various applications and 
operations environments so that their relative merits are known 
for future po+entU “ea I -world GIS applications; and, 2) to 
provide direction for further research in this area. As such 
UCS3 personnel under the direction of Dr. Donna Peuquet is 
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engaged in a research project v/lfh SSFC personnel which is being 
conducted in several phases each containing a ncnoer of research 

< 

tasks , 

Phase l of this project (9/1/83 - 1/31/84, S14,913.00) ; 

involved three tasks: 

1) a review of spatial data structures and general 
approaches to storing spatial data; 


2) preliminary work on the development of a set of » 

primitive operations which are required of any geogrupnic 
Information system CGIS); and, 

i 

3) preparation specifications for a testbed system which i 

will subsequently be used to compare the Vaster data structure t 

developed by the principal investigator with the Topological I 

Raster Structure developed at NASA/GSFC. • 


The Phase I work was exp I icitly intended to explore the 
theoretical context of comparative data structure and algorithm 
evaluation, and to derive detailed compatibility requ i rement s, as j 

a preliminary step before actual testing can take place. . j 

Phase II (2/1/84 - 12/31/84, $38,581.00) constitutes the 
most critical phase of this work. The primary emphasis of the j 

proposed second phase of this work will oe to construct the ! 

Vaster testbed system which will be specifically tailored 
for comparability with the Topological Raster Structure testbed 
system. This work will consist of major extensions to tasks 2 
and 3 above: 

* Ioak 2 

The preliminary set of GIS primitive operations developed in 
phase one will be refined and finalized for the purpose cf t n i s 
|r research. This includes categorizing procedures into 

functional grou p s. 
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The development of the testbed system for the Vaster 
Structure will be completed. Specific elements oeing aGdressed 
In phase two are: 


a) Mutually agreed selection of "real world" data sets 
which are to be used for the comparative tests. These data sets 
are to be supplied by NASA/GSFC, 

b) Impiementv „ dr test 

procedures which will be the basis of the comparative tests. The 

. . -..j^r are being 

. w, ^.reoment between the NASA/3SFC contract 
representat I ve and the principal investigator. Algorithms for 
each procedure must be careful ly selected for implementation in 
the two testbed systems to insure their compar ao it i ty; and, 

c) Initial Test runs of the Vaster testbed system w i I I be 
made in order to determine tne amount cf machine resources neeced 
to perform the actual comparative analysis computer runs. 

This work utilizes a VAX M/750 system currently being 
acquired through an equipment grant from DEC. This system, which 
was installed this past spring, is dedicated exclusively to 
information sciences research particularly in the areas of 
spatial database ana knov/ I edge-oasea geographic information sysrens, 

As can be seen aoove this work funded by UASA/GSFC wi I I 
continue Into the coming year. This grant will continue to serve 
a role Integrating this work with other research being conducted 
at UCSB and providing support to this work in terms of personnel 
and equipment as needed. V»e feel the synergism created ay the 
integration of this effort within tne overall framework of this 
Office of University Affairs projects significantly cenefits both 
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Artificial Intelligence and Large Networks 


"APPLY I MG ARTIFICIAL INTELLIGENCE TO LARGE NETWORKS" 

Dr. Terence R. Smith, Dr. Jeffrey L. Star, Mr. Ralph Oubayah 
Department of Geography 
University of California, Santa Barbara 

IM EjiaMaa 

Personnel of the Information Sciences Working Group at UCS3 
are actively involved with researchers at the NASA Ames Research 
Center, investigating the use of artificial intelligence in 
networked information systems. The problem deals with networking 
NASA centers and associated researchers in more efficient ways. 

The ultimate goal is to be able to access and process 
geographical ly dispersed data sets with the use of geographical ly 
distributed software. This requires capabilities in the areas 
of: distributed data base management, long-haul networking, 

information presentation, distributed problem solving ana 
artificial intelligence, to be combined in new ana innovative 
ways. 

At this time, a number of major NASA initiatives revolve 
around tha problems of data accessibility and transfer of 
Information. In particular, the Pilot Land Data System, the 
Pilot Ocean Data System, and the Pilot Climate Data Base 
Management System (as we I I as a proposed Global Resource 
Information System) are structured as large computer networks. 

The goals of these pilot efforts include reducing the difficulty 
cf finding and using data, reducing data processing costs, and 
minimizing incompatibility between different data sources for 
researchers both within and outside NASA. The techniques cf 
artificial intelligence have application to th ;i s problem. In 



Artificial Intelligence and Large Networks 

particular, Al search procedures, knowledge represen ta t ion anG 
control strategies are relevant for this task. Researchers at 
UCSB are focusing on how these Al techniques may be employed in 
distributed problem-solving, in which both data and procedures 
are distributed throughout some network. 

The Research 

A future system, in order to respond to a user query might 
require computations on several databases at one location using 
software and hardware at a second location. The major 
aspect of such 3 system is an Al control system with knowledge 
about the databases, software and hardware throughout the 
network, and able to co-ordinate the (possibly para I lei) 
processes required to satisfy the user's query. 

In parricular such a system mighr incfude the fcl lowing 
know 1 edge bases: 

1- Meta - Knowledge Base - the system's knowledge about itself. 

2- Network Knowledge Base - knowledge about the network and 
transfer of information through the network. 

3- Oatabase Knowledge 3ase - knowledge about the various 
distributed databases. 

4- Image Analysis Knowledge Base - knowledge about the analytic 
and processing capabilities of the various network nodes. 

5- Production Knowledge Base - knowledge about problem solving to 
satisfy a user's specific query. 

6 - Learning Knowledge Base - knowledge about how to improve tne 
upgrade of the system. 

Each of the k n o w I e g 9 e bases is a topic of research in 
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Itself, as Is the overall control structure. For a particular 
application, expert domain Knowledge Oases can oe adced (i.a., 
mineral discovery, gectecton i cs, vegetation di scrim! nation, 
b i omass mapp i ng, change detect ion). Finally, the research will 
Incorporate results of state-of-the-art Al research concerning 
d.strioutaa problem-solving. 

isk flllfij: Sas 

One basis for this work is researcn currently being carried 
cut at UCSB under the guidance of Terence R. Smith, Donna J. 

Peuquet and John E. Estes which relates to the application of Al 
In building a knowledge based geographic information system 
CGIS). This work is currently funded by U.S. Geological Survey, 
National Science Foundation, and Digital Equipment Corporation. As 
stared in tne introduction These researcners nave just acquiree a 
VAX 11/750 for dedica+ed Al research, in cooperation witn Digital 
Equipment Corporation researchers. 

The research with NASA-Ames has important implications for 
future image and data processing. It is directly addressing one 
of the most difficult d3 ta-process i ng proo l ens faced by NASA. To 
effectively and efficiently link the diverse spatial data 
processing capabilities of a geographical ly dispersed user 
comfiiun ity. A full solution to the problem will undoubtedly 
require much further research that will doth draw upon anc 
contribute to our knowledge of now Al may oe used to control 
difficult data processing problems. 
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Kno triad jfl.ta..a5Qd Extant Ixslama lac Ccaa I dent! f I cation. 

Terence R. Smith, John E. Estes, Charlene T. Sailer 
University of Cal Ifornla, Santa Barbara 

and 

Larry R. TInney 
E.G. & G. Las Vegas, Nevada. 

For the past year, UCSB has been conducting a cooperative 
study of the application of expert systems In the Interpretation 
of digital remotely sensed Imagery. Funding for this project was 
provided by the National Aeronautics and Space Administration 
Office of University Affairs and the California Space Institute 
for the 1982-1983 fiscal year. 

California Space Institute (Calspace) Is a multicampus 
research unit of the University of California. Calspace fund-lng 
represents "seed " money to support basic research In the space 
applications area. Funding for this project went to support 
graduate student research In the applications of. expert systems 
In Image analysis. Including the research of doctoral student 
Charlene Sailer. Ms. Sailer Is presently a NASA Fellow 
continuing work In this research area In cooperation with the 
Johnson Space Flight Center. 

Research being conducted In this area Is exploring the 
methodology and components of human Image analysts In an 
agricultural applications area. The long term goal of this 
research effort Is the development of an Improved understanding 
of the Interactive man-machine environment. In such an 
environment, as many feature Inputs as practical would be 
automatical ly derived from a data-base and Input Into an expert 
system d ec I s I on -mak I ng procedure. This procedure could then 
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provide "expert" assistance to a trained Image analyst, to upgrade 
and Improve the quantity and accuracy of the Information 
extracted from the Input data. The research being conducted for 
this project are the first steps towards this long-range goal. 

To date. In this project, alt aspects of the Image 
I nterpretat I on process are being explored, beginning with the 
fundamental elements of the human Image Interpretation process. 
This Is being done with the goal of achieving an Improved 
understanding of these elements and their significance In the 
decision-making process. A comparlslon of the similarities and 
differences between manual and automated Image I nterpretat I on 
techniques as currently practiced Is also being explored. This 
effort Is being accomplished to better understand current areas 
of overlap and to better define those l ntersect Ions of human 
cognitive skill and machine technological capabilities wherein 
manual and automated procedures may eventual ly meet. 

Several papers have already been generated from this work. 
These papers seen In Appendix C were presented at the 17th 
International Remote Sensing Symposium at Ann Arbor, Michigan at 
the National •Telecommunications Conference In San Francisco, 
California. In addition to these papers a number of preliminary 
experiments have been conducted. These experiments Involved 
sessions where image analysts were shown two sets of multi-date 
LANOSAT Imagery, and a set of LANQSAT tmages of predominately 
agricultural areas which exhibited varied agricultural practices. 
The analysts then Interpreted these Image sets' with an 
Interview er who queried the analysts on points of the 
Interpretation. 
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Future work In this research area will be conducted by Ms. 
Sailer for her doctoral dissertation through the partial support 
of NASA - Johnson Space FI Ight Center. Her dissertation wl I I 
explore the growth cycle of crops In the San Joaquin area of 
California employing mu 1 1 1 -spectra I , multi-date LANDSAT Imagery. 
Ms. Sailer wll I be working with expert Image analysts at JSC to 
develop algorithms simulating the decision logic used In the 
discrimination of crops. The final product for this research 
will be a series of A1 linked computer programs which will assist 
an Image analyst by providing expert advice and the probability 
of an area being an agricultural area and the probability of 
occurance of a certain crop In that region. 
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Researchers at UCS3 are in the initial phases of building an 
integrated research program in information sciences around a 
number of key themes of interest to NASA, These themes are an 
outgrowth of a thorough analysis of the current state-of-the-art 
in the areas of: remote sensing algorithm development, spatial 

data bases, artificial intelligence, and global scale studies. 

As seen in the preceding section projects currently underway 
involving these themes include: Boreal Forest Vegetation 

Analysis, NASA Pilot Land Data System, Advanced Data Structures 
for Integration of Image and Cartographic Data in Geobased 
Information Systems, Applying Artificial Intel I igence to Large 
Networks, Global Resources Information System, and Knowledge 
Based Expert Systems for Crop I cent i f i’car i on. 

Table I shows the intersection of these projects with the 
major research themes. Information Science Working Group 
personnel are actively pursuing research in each of the primary 
areas of research interest listed in our original proposal. We 
feel that in each of these major areas we are making progress 
towards a deeper understanding of a variety of significant 
research issues. 

During the discussions with NASA Office of University 
Affairs personnel which led to the funding of The Information 
Science ‘Working Group at UCS3, two general objectives over and 
above actual research objectives were brought forewara. It was 
agreed that this Grant would be useo as a focusing mechanism to 
help support the integration of on-going research efforts at 
UCS3. In addition, the Grant would also be used as a carnal /st to 
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encourage and attract cooperative research between other NASA 
Divisions and NASA Centers and if possible between NASA and other 
Federal Agencies, Again, based on our work to date, we feel we 
have made significant progress towards meeting these objectives. 
Indeed, research discussed in this report involves the Earth 
Science and Applications and Life Sciences Divisions, the 
Information Sciences Office, and of course, the Office of 
University Affairs, 

This work also entails major cooperative research efforts 
with personnel from NASA's Ames Research Center, Goddard Space 
Flight Center, Jet Propulsion Laboratory, and Johnson Space 
Center. In addition personnel from the National Science and 
Technology Laboratory (NSTL) at Bay St. Louis, Mississippi are 
involved with UCSB researchers in the Pilot Land Data System 
effort discussed above. 

During the period May 1, 1984 to April 30, 1985, UCSB 
researchers will continue the efforts as described above. Funding 
In the coming year provides for: continuity of funding of key 
staff, continuation of research activities with NASA Headquarters 
and Center Personnel, field research i u the Boreal Forest, and 
matching funds for the Digital Equipment Corporation (CEO VAX 
11/750 which was r)rovlde<ji to UCS3. 

With respect to the last item, UCSB is v6ry pleasec that the 
Office of Information Science and the Office of University 
Affairs have agreed to provide a smal l portion of the matching 
funds for this equipment. We feel tnat the multiplier effects 
for this project w II I be extremely significant. This 
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superminicomputer system is solely dedicated to information 
sciences research. 

Final ly, we at UCS3 appreciate the opportunity provided Dy 
this Grant from the NASA Office of University Affairs. We feel 
that the area of information science represents a real chal I enge 
as we move towards the application of satellite remote sensing to 
global studies. The ability to use information in an effective 
and cost-efficient manner/derived from the globally consistent 
data acquired by NASA and other satel I ites, to comoine these data 
with aircraft and a variety of other scientific data/ i nformation 
sources. Is vital ly important. Important as we attempt to 
understand questions involving the interaction of climate, 
atmosphere, hydrosphere, lithosphere, and biosphere, research 
conducteo under tne auspices of this Grant is directed towards • 
this end. 
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AGENCY: NASA AGENCY *: NAGW-455 

P.Z.: J. ESTES 

PERIOD: 5/1/84 to 4/30/35 

TITLE: NASA Remote Sensing Information Sciences Research Group 


SALARIES* 


ESTES , JV, Principal Investigator 


1 smr mo @ 100% @ 5433 

5,433 

SMITH, T., Professor 

1 smr mo 0 100% 0 4504 

4,504 

PEUQUET , D., Asst. Researcher 
1 smr mo 0 100% 9 4278 

4,278 

STAR, J., Assoc. Dev. Eng. 
2 mos 0 25% 0 2521 
10 mos 9 25% 0 2773 

1,261 

6,933 

/ 

TBD, Staff Research Assoc. I 

2 mos 0 50% 0 1484 

3 smr mos 0 100% 0 1632 
7 mos 0 50% 0 1632 

1,484 

4,896 

5,712 

TBD, Research Assistant 
5 mos 9 24% 0 1494 

1,793 

TBD, Senior Typist Clerk 
2 mos 0 25% 0 1126 
10 mos 0 25% 0 1239 

563 

3,098 

SALARIES TOTAL: 

39,955 

BENEFITS: 


Estes, J. 

5433 0 .2262 (w/SS) 

1,229 

Smith, T. 

4504 0 .2262 (w/SS) 

1,019 

Peuquet, D. 

4278 0 .33 (actual) 

1,412 

Star, J. 

5421 0 .31 (1984) 
2773 0 .32 (1985) 

1,681 

888 

Staff Research Associate 
8828 0 .31 (1984) 
3264 9 .32 (1985) 

2,737 

1,045 
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BENEFITS (Cont.) 

Research Assistant 

1793 @ -0050 (yr) 9 

Senior Typist Cleric 

2422 <3 -31 (1984) 751 

1239 <3 .32 (1985) • 397 


BENEFITS TOTAL: 11,168 
EQUIPMENT 

Partial funding for purchase of VAX 11/750 15,000 
Interactive workstation 3,000 
High-speed modem for workstation 1,000 


EQUIPMENT TOTAL; 19,000 

TRAVEL 

1 trip for 2 people for 3 days from 
Santa Barbara to NASA Headquarters 
1 RT airfare for 2 persons 1,200 

6 days of per diem @ $75/day 450 

Car rental and transportation 100 

1,750 

1 trip for 2 people for 3 days from 
Santa Barbara to NASA/JSC 

1 RT airfare for 2 persons 428 

6 days of per diem @ $62/day 372 

Car rental and transportation 100 

900 

1 trip for 3 people for 2 days from 
Santa Barbara to NASA/ARC 

1 RT airfare for 3 persons 444 

6 days of per diem 3 562/day 372 

Car rental and transportation 100 

916 

TRAVEL TOTAL; 3,566 
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SUPPLIES 


Office supplies 1,000 
Office equipment rental-word processor 1,000 
Telephone tolls & equipment 1,750 
Xerox & Library copying 500 
Photographic supplies 750 
Computer charges (Itel AS/6 & VAX 11/780) 3,500 
Report Preparation 600 


SUPPLIES TOTAL: 9,100 

TOTAL OF DIRECT COSTS (Estes): 82,789 

TOTAL OF DIRECT COSTS (Botkin) : 48,294 


DIRECT COSTS TOTAL: 131,083 

♦♦OVERHEAD OFF-CAMPUS RATS 25.3%: 29,917 

(on $112,083) 

TOTAL: 160,000 


* Salaries calculated: Current rate X 11% (academic) or 10% (staff) range adjustment 

effective 7/1/84. Merit increases are added according to the appropriate title 
schedule. 

♦♦Indirect cost rate of 25.8% (off-campus) is effective through 6/30/84, 
provisional thereafter. 



ADDENDUM TO PROPOSED BUDGET 

AGENCY: NASA 

P.1,* D. Botkin 
PERIOD: 5/1/84 to 4/30/8S 

TITLE: NASA Remote Sensing Information Sciences Research Group 


3WCA, Sly MN, Field Work Budget 


SALARIES 


D.B. Botkin, Professor 

1 star mo 9 100% 3 5459/mo 5,458 

K.D. Woods, Assistant Spec. II 

3 smr mos 9 100% 3 2037/mo 6,111 

T3D, Lab Helpers (5 persons) 

1 mo 9 $5 .51/hr 3 333 hrs 4,590 

3 smr mos 9 $6. 06/hr § 1667 hrs 10,102 

TBD, Assistant I (5 persons) 

1 mo 3 55. SO/hr 3 333 hrs 4,582 

3 smr mos 9 SS. 97/hr 3 1667 hrs 9,952 


SALARIES TOTAL; 40,796 


BENEFITS 

Botkin 


5459 0 .1612% 

880 

Woods 

6111 § .31% 

1,895 

Lab Helpers 

14,692 1 .31* 

4,555 

Assistant I 

14,534 3 .0115* 

163 

BENEFITS TOTAL: 

7,498 

DIRECT COST TOTAL: 

48,294 

INDIRECT COSTS 9 25 . 3 *: 

12,460 


TOTAL: 


60,754 
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Motivation for DEC Sponsorship - 

C A E M Is interested ink this project as we are 
undertaking a project in the SIS and know I edge-oasac SIS areas as 
a critical part of our strategy in the Earth Resources 
Engineering market space* UCSB is concentrating on advanced 
development that we would otherwise not be ac I e to address in the 
early stage of our project due to resource constraints* Cf most 
interest to us is the query language and learning mecnanisms they 
are doing, both specific to GIS. 


Background - 


Large integrated software packages known as Geographic 
Information Systems (GIS) have been developed in the past fifteen 
years which can perform all phases of storage, retrieval, 
manipulation and reorgan i zat i on of spatial data, GIS oased on 
shared databases are used for a wide range of applications 
Involving fundamental research, as well as government activities 
and private corporate oehavior. These applications range from 
urban planning on a local scale to global resource management, 

QIS have already become an indispensable tool for managing 
geologic, b i c I og i c and socioeconomic data in a timely and 
efficient manner, and for facilitating the use of these data for 
analysis and decision-making. 


Many problems of geographic analysis require the 
storage, retrieval, manipulation and reorgan i za t i on of databases 
that: 


{ • ~ 

\ 

a) contain many diverse data types, such as real -valued 
functions (e,g., digitized elevation data, rainfall data), 
vector-valued functions (e.g., land use data) anc functions 
taking general symbolic values (e.g., place-name data), 

* 

b) contain many layers of data of different types, 
interrelated by com pies (Implicit) re lotionsnips* 

c) contain very large numbers of data points, 

d) ere employed in solving a large array of different problems. 


The system will be developed tc express sotn oojects 
and spatial relations in terms of a logically-basec spatial 
language (a subset of predicate calculus). Since many of the 
v reasoning’ 1 anc " learning" procedures in the system depend on the 
application of heuristic know I ecge, we term our system a 
xnov; I ecge-ccsed geographic information system (K33IS). 
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Research to date .has incicafad the promise of cur 
approach, a n c nas ji ver. rise to a I a r b e n u m o e r of important 
problems requiring much more detailed investigation. The support 
that we are requesting will Pe used to pursue several of these 
proo I ems both theoretical ly and practical ly, ana to incorporate 
the results into our prototype system. We believe that our 
research will result in dramatic improvements in the capability, 
efficiency anci versatility of G IS for all potential application 
areas . 


Research to date has incicared the promise of our 
approach, and has given rise to a large numoer of important 
problems requiring much more detailed investigation. The support 

\ -re requesting will oe used to pursue several of tnese 

✓ r os I j ... a : . . v i c : < I / . n d p r a c t i c a I I y , end to incorporate 

the results into our prototype system. V/e believe that cur 
research will result in dramatic improvements in the capaoi l ity, 
efficiency and versatility of GIS for all potential application 
areas . 


An Overview of the Proposed Research - 

Preliminary research by the i n vest i gators into the 
construction of a know I edge-oasea GIS has indicated that recent 
developments in Al, dataoase ana spatial data processing 
techniques, although developed by independently evolving 
technologies, can be combined and applied in the construction of 
a new and quite distinct type of GIS which w I l I overcome, to a 
significant degree, many of the inadequacies exhibited in current 
GIS. For example, much research in Al is based on the 
development of know I eGge-based (or heuristic) search procedures. 
These can be como i ned with tree-oased storage and retrieval 
techniques developed within the field of database management and 
the recent developments in tree structures and algorithms for 
spatial data app I i ca t i on s. This comoination could potentially 
yield a system with data volume capacities, levels of efficiency, 
ana ranges cf appl icatiens v/e I I oeyona those T.naT eacn body cf 
knowledge alone could provide. 

The integration of tnese multiple technologies into a 
single system to handle geograpnic G2t3 must oe done 
simultaneously so that tne various capaoi lities provided ay each 
can complement these of the others and give rise to a single, 
cohesive system. Since the construction of such a system has noT 
yet been attempted, the methods of integration will tnemselves oe 
a topic of tne proposed research. 


3 
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Preliminary research, funded by the U.S. Geological 
Survey, Is designed to demonstrate that' A I techniques can be u$ec 
In a GIS to deal with practical geographic problems. The worK 
consists primarily of 'building a small "p roo f -c f -con cep t" system. 

This system is currently restricted to answering queries in a 
given domain. This domain centers around the use of remotely 
sensed data for natural resource prob I ems. In the process of 
carrying out the initial work, a number of areas requiring basic 
research have arisen which are beyond the scope and duration of 
the Initial proof -of -concept project. >Ve believe that the 
proposed current research is evu. * ere important than tne proof- 
of-concept research in terms of its potential impact on GIS 
techno I ogy . 

The proposed research Is Intended to Investigate 
several fundamental questions which nave arisen curing tns course 
of our preliminary i n ves t i ga t i on. These new questions encompass 
four areas; 

1. Questions concerning the performance of anc modification 
to the database structure 

2. Questions concerning the definition of spectra in 

quadtree structures and their use in deriving search heuristics 

3. Questions concerning extension of tne knew I edge-base 
representation and trie associated search procedures 

4. Questions concerning the concept learning algorithms 


Del I verab I es/M i ies+ones- 

1. First demonstrable system which can answer a limited range of 
queries and update limited components of the database Oecemoer, 
J9S3. 

2. Rule-learning component and autonomous dataoa39 modification 

functional June, 1934 

3. Concept learning and query language functional July, 

1984 . 

4. Spatial spectra and search heuristics functional Cctooer, 

1 984 

5. Complete Demonstration system functional Decemaer, 1934 

5. Coding for prototype system oegins January, 1935 

7. Submission of technical report on cemonstrat i cn system .'-’eren, 
1965 

Tne completion of the demonstration system is also 
considered to represent the completion cf tne currently proposed 
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phase of tho project. Upon comp I v .* i on of the demonstration 
system, a hands-on demonstrat i cn of its capaoiiities will Pc 
provided for DEC technical personnel at UCSS or at tho DEC 
sponsor's foci I i t i as in Mar I boro. Mass., whichever is mutual I y 
determined to oq most appropriate. 

The technical report on the demonstration system will 
consist of a technical description of the primary components of 
the system and an in-depth discussion of the knowledge gained via 
its construction. Discussions of the general concepts associated 
with specific aspects of the system will also be prepared fcr 
publication in scholarly journals during the course of this work. 

R i sk Assessment - 


There is no I 3rge r* „ w *.ct. 

The proposed research represents the first attempt to integrate 
multiple new tech n a » j # i : ; : 
of this, no marketable software procucte 

needed from this project. However, knowledge will oe gained 
concerning the basic principles involved and this knowledge will 
be of specific use in a current DEC project. It should be notec 
that the working LISP is essential for this project, UCSB has 
agreed to be a DEC LISP field test site and any problems with 
that product, will cause a slip in tneir schedule. 


Value of Proposed Research - 


DEC Techicat Evaluation group estimates that a minimum 
of two man-years could be saved in development of similar 
functionality. This research will have direct bearing on tne 
CAEM's Earth Resources market strategy for prooucTS of this typa. 
We feel the research warranta a Vax I 1/750 class system. The 
a o I I ity cf DEC to use tne results of tn i s research wi I l oe 
greatly enhanced if the work were done under VMS and with a DEC 
version of LISP. UCSG originally intended to use U‘IIX and Franz 
LISP to do this project. Therefcre, CAEM is requesting that in 
addition to the 50:* grant against the purchase of the I 1/750 
configuration, that DEC grant a 1 OOj al lowance fcr the memory ana 
software to run VMS and LISP. Additional memory is neeosc due to 
the unusual memory requirements for DEC LISP, 


Current Status - 


A research team headec by the investigators, is 
currently partial ly funded by the U,S. Geological Survey to o u i Ic 
a simple pr oo f -of -concept system. This system will have a 
limited range of queries and will also oo restricted in tne size 
a r. c variability of the database. 


5 
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Support for the expanded work has also been requested 
from the National Science Foundation. This additional support is 
to be used primarily to provide salaries to the investigator for 
Ms and graduate research assistants for time devoted to this 
project. 


Technical Status - 


DEC and UCS8 agree to meet on a quarterly basis to 
obtain project status, demonstrations of functional software and 
discuss technical problems ana solutions of the project. UCS8 
providing an account and modem on the research machine w i I I 
enable Digital employees to send and receive electronic mail from 
UCS3 personnel. 
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An Annotated Bibli ccr^r-' of Global AsscLrcsa i-ircn^:* :r 
Sv 5 t?;Ti ‘3 Related Publications 

bv- 


John £ . Estes. Js+*rrev L. Star. Michael J, Cossntmo, Lies J. Ma nr. 
Uni versi :v cf Cal i *orr i a. Santa Samara 


OSTA Data Systems Plannma War '.:sncc - DOCUMENTS 


User Requirements in Support of OSTA Data Systems 
Workshop. Workshop Document di 


."i annira 


This document is a condensation of the 13 ecosystems 
discipline reaui rements. Included for sac.n cf the 13 disciplines 
are sections entitled: wcrkshco package description. discipline 

description with its hierarchy and timeline detailed, ar.a summary 
of rscuirsments. Additional sections include r discussicr. . c v 
tr.e wise o- charts, tnat c! iso lav she ** si a ii cr«r i c c* ■:■" . ar. ~ i-ms arc 
sensors to natural oner:: men a measured - c to sosci * : i c tat*, oases 
which contain the data. 


Anthony Villasenor Data 3 v stems Survey 
S vs t ems D i v i si on , Godd arc 3d ace Flight Cer t or 
Workshop Document #2 August 22. 1979 


Data svst em c aoac : 1 : t i es and bvsrv i sw of sc sc i f : c goal s 
for each discipline* A detailed discussion is m-iussd for sscn 
aiscipline's research experiment and contains tne senscr tc be 


used. products and 

di str 1 but i on 

cf the 

r equi re men t s 

ar.d asses 

Techni ca 

1 SupDOr’ 

Panels, 

Attach men' 

Workshop 

Document 

i } Dr. J . H . 

Me El or v . 

C>0(-gp r a 

mien to h 

Managsm© 

nt and 

Tod 

ay’s env 

c c mo 1 s x h h t 

no one 


fee k a g e t o D a t a 3 v s terns a n d D : c c i o 1 
to GET A Alternative Data 3 vs terns Dorn 
: September 11. 1 ^7" z Atta ermentsi 


r . » ti u n i. cati c r, s u: v l s i o n >•< -c.-i r s a c u a r t a r s 
series Sciarcsa Board's Committee :r Cat: 


’secure e 


svst. cm 


\i ** n s c 5j" a r t 
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include dec a coil set i or, no develop mccels and understand: no cf 
mul ti -di sci si i nss c- 2 the atmosphere and the earth- calving t ho 
problems include a discussion of process: no vs, cost ’time. data 
case management:, data cell very. and user access. 

2 ’ D « A , hr ace or , Ch i ef 9 -/sc ans D i v i si on 

A Data Svsfcsro Concept for Application Missions 
August 1<=7? 

.A svstem concept that includes an archi tactur s that 
produces simple. easy tc implement. technical interfaces? that 
aces n ot r e a u i r s rna j cr era an izationai c h ar g s s to achi o v e an 
approach that allows one user tc charge cat a r sou -.remands with 
cut attracting others? economic benefit? an architecture fcr.at is 
modular? and a system model that can be used to organize wr at is 


3> rred C . ( 3i 1 1 i ngsel v, Jr. 

Data Base Sv stems f cr Remote Systems. June 197? 


Land sat and other satellite are returning ever- 
increasing amounts o- data which must os validated, calibrated, 
ana accurately geographically located to be of highest value, 
formats and cataloging philosophies must be -formulated to 
maximize comoat abi 1 i tv of data archives since data are being used 
operationally ana the archives are rapid/ growing. Decisions 
are needed tc assure that the growth of data arenivss are arnorl-/ 
and that d >: a Generated f.rom •/an cue sources can ce ir.tsrrsi a esc 


arc usee 3/ a w : c o variety 


anai y s t s 


4; Data Base Management Systems anei Workshop? Executive 
Summary JPL , Auguat 197? 

The concerns of DBMS operations include cataloging, 
acquiring, managing. storing. archiving. accessing, and 
c i s som i rating all cats for an application. A DBMS must ales be 
able to provide various levels of support to reaearen activities 
and provide both man i pul at i cn and analytic functions. r r cm the 
panel discussion and their status and future needs -or sartn 
observations data mar a a amen I: . r ecommor.dat i one were mace. T hese 
include a central browse facility. data archiving, spatial 
information system. data base and data format star car as *cr data 
sharing, improvement of data networking capabilities. identify 
needs f cr non -NASA data, and identify a comprehensi vs 3 at a 
man a g omen t p r oc r am , 


5) Seoohvsical Data Interchange Assessment 1 973 
r. =?o c:r i. :v the Ccmnittes on Data Interchange and 
of the jscohvsics Research Bears 


a c s?r. cere 


* r bs growing concern about the environment is or 
: o r “■ e s o c n d g i n c r e a s e 1 n t r e f 1 o w o f g s o <o h v s : c a 1 


cauci tc: 


along with recommencaciens to acccmcdata tie growth c- data, 
c l a r n i n c data- r t e nsi v e o r o j acts h e f u n d s rtscssaa r v f c "* r : 
3.r cm v i .-jc ana for 1 cr-a — t arm o^sservat i or and di stribut: in muse 


^tt*v 
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induced f^or tr o cr 33 t! cscsr.v-si^.u cuisr' aticrs r^cyiari v 

d / - 2C!:rsi acs^ci -£3 ara 3C : ent ; sti a ;*3 ret dece-31 :sc in ■ CC * 2 tut 
: n :a ca isnter* or o vi a 3d to h.ous* the* nscsssarv resources arc t: 
ts,> e custcdv c* the data to av 31 c i as 3 :r ca*.;uce: t» ::rsi;:r. t* 

contacts wi:n wGC* a : n ether c:u.icr\ si rose to r ■??::. eg d-emod cr. 
comber format s for rdatsc data, co emur 2 .nor 3 t : nd > data 
*?::chara?, to e :oand the types of Cat a 3 ; on once , and to a*. 3 ; ere 
digital data links; and duplicate comes of ail physical data is 
recommended to crotoct acam st possible aanaae. -e tend: .: es 
.nclude reoerts from a:Dcscro*-:c sciences# glscioiocv. 
cceanocr apnv . sol ar-terrestr 1 al ar.v s: cs , oci ; c-ear th qrcpnv 3 ics. 
and space science data. 

3 uoc lament to the 33 "* A Alternative Data ^vstsirs Done acts. 

33 7 A Concent Dtudv workshop Document Seotsrfcer 1 . . i "9 


Ccr- rent study includes nine'-: diagrams. evaluation 

criteria. arc data system corners evaluation. 3 ~ data 5 v stem 
1 .rip 1 amen tat 1 on options are identified an tre cat a s vs tom sic cr 
diagrams. each o* these are evaluated and documented to include 
a description. just 1 f 1 cat 1 on. ruart: tat 1 ve nra cualicative 

evaluation. address problems. cost. user access: o; 1 1 tv. ana 
provide a summary. 


Technical Support Pacl-.age ; cr Data 3 votes tv Disci, 
Panels - Wcrkshco Document rtf 
cuooi arants to the Data S/st-rr =v,r , .o- 

-retiree ; tr t re - 33 “ A Dsta 3 •* t 2 r •* * *r,r ; r: ,c** -3;*: 

3 sot enter 11. L r ” 


Suco! emend. ADS succested to ravel 00 an ever ail 
modular architecture for c-aanicir»q C 3 T A oat a sots and data 
svstoms. to develop mC 3 in a AASA-u ser cr 1 ant so access. csveicoec 
1 n an a'-'cl ut 1 ona^v wav. anc to suoccrt data access 1*1 i- 35 - 1 9 ^S 

time * r an to -"educe barriers to computer paced 1 nf cr-xati on 
etcnarcs oetween CSTA ard ether uso^s-. Supci error t D . Past 

facts the D IDS. Th . s sv stem presents users witn a /an ad menu 
of geographical ana data categories with so sc : a I features such 
as. a occm cot ion to isolate specific areas on a mac. and cat a 

display m shades c f color on macs c* the area of interest. 
Supplement 3 . Glooai Weather E.n ter ; men t . a report c * the ~ 3 E 3 
Acvitcrv ®anel . Seal of the 2 an el is twofold . to accui-e a 
detailed oed/ of ctser vat 1 oral cat a cn the esnavier of the zi teal 
at me sc ner a a -.c ocean, ard ul 1 1 natal v to ccouire better *-n cwledgs 
anc understand nc of tre at "icsc ner 2 to trevida tors useful 


ssnvicss to t.vs worlc. supplement *•, 




a : 1 stir..: 


2 Daee remote censing systems. A collection of material sr, 
e...g:m: cc or at 1 or 3 . 1 arc research remote *snsmc satellites an- 
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Technical Support F achate r:r Data S\ stems ar.c 
Canals - Wcrkshoc Document **o >a- ; t I Goner -ci 

CSTA Ai cernativs Cat a Corcacts 

Sea taint: sr 11 . 1 


1 . 3 c i o 1 l r 2 
C i scussi on 


3b * act i vs of GS^A sv-stem : 3 to ;rcv:;? oi id /. 
affordable. scceasials. and rsadilv usaois mul ci -tcurcs cat a 
trooucts. The concent n a vsrr.cailv : r.t aerated project 
efficient for cne-scurcs-to-one-uaer rel at i anahi os ard. a secular 
data sat which can score data -or some oeriod o- tire tc SLZtcrt 
tianv-to-manv rel ationsnipi, evaluation criteria concents* ore- 
o^ocsssinc/arcni /al sv3t3M. on-noarc svs terns arc relav ■3 ,, =:»^3 
a~e all included in the ciucussior ; or potential future corcccts. 


technical Support VacKaqe -cr 
CSTA Alternative Data 3 . stems 
Revision 1 General Discussion 


Data Systems 

Concert 2 Worn shoe Cocurr.sr t 
September ZC, I s" 7 * 


it* 


Siichtlv mere extensive than werksnoo Document #* "ra-t 
Z. Induces more discussion cn users. pre-processi no . and nen- 
NA 5 A svstsns discipline oriented i n-ermati cn e>: traction easterns. 


Instructions for Data Svstems Panels 

WorV shoo Document #7 Or av t 2 Seotomoar 11. ; 

Instructions are 1 : s t so *:r eac* s • stc-ns err:*;. **' t* 

c ,-.r r i 3 >re r e cu i r sc t c fv . cntitLS. d~: cri c . r ^ , 4 r c 

*■ ecammend to 03 TA the oat a systems cr c ani c at i or . ana cs * el comer t 

apcroacn. Each canals evaluation and r iccnmerdat: or s must 

concern its own soscialit/ c 1 us rel at i cnem :s with otne^ 
specialities. All panels are resumed to -cllcw a csnoral 
consistent approach in croducinc their reports. The mam 
procedure for aoirg so is cut limed m tne discussion. 

Instructions for Data Systems Fan els 
•vorksnop Document 47 revision i September 10. 

Revised edition of instructions for each system panel 

witn the mam difference in the revision of the cues tier, each 

panel must answer in their reoert. 


Detailed Wc^kshoo Acer c a and Resort Outline 
Workshop Document Seo temper DC. 1-79 


letailod scenes of Cctccor 


■ j h si era. 
: et a : 1 a a 
rel i.dec . 


-cr nst 


r.cti vi ti es * 
outline for 


*nc c . aces 
racer to of 


* * 
al 1 
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inels. ^viacrmanc s 


:□ user Pscui -smsr. i & »r.J Data rv stems 


Our^ s-' ^crkshco C cement a Cctccer •* . 1 r" 


:uoc! sre-n: to /icrfsr.co dccum-sr t *♦- ar.c a; ns c*:.^r/ 


■nta 


: ass 


tri-tr ; c 


. c.u.ti» i. 


.r i £ 


ra:2l 1 ; te elaeferms an 2 sense rs acccrcmc c-; discioiinr :?.p:**.3. 


Instruct; rns -or Discipline Panels 

>Jcr U shco Document ^10 Dratt Eeocem&sr 20. l- r ? 

Each panel requires evaluation*. and recommendations 
concerning its own discipline cl us rcl ati oncr.i os witn rcr.er 
disciplines wr.ars aoprccriaca, Each can el is oc teller a 

car si stent General aooroacn. **hi ;n is outlines in thi« 

discussion, to or educe their retorts. 


Initial Statement Discioline Priority Needs 

Elements of Data Svstens. Wcrhsnco Document :* 1 » 
Qctcber 3. i 3 ~9 


and 


Recommended approaches. purpose, and i .te lament at i on 
each disci cl me can el . The general ourccae of tne panels are 
identity prioritv needs of each disci o', me arc to icentifv 
elements cf recommended data sv stems. Each disci oline 
•*2ccTffl#r.cfic an accroach which :;rc..u A 2 tnrso tvres o : 

* -.. r ct ; cr a ; c ? c al c q ; nc . no • i no ;: ?.ti. a r •: scat: a l e : : ?5 . A 

-cr earn :*5 .ire recommenced 5 : nc 1 ers-n tec i zr : r nr 

erases. Phase I l s to establish catalogs of MAS A electro 
data. °hase II is to augumenc catalogs ov aadme rcr -NASA ca 
orevide r eqi str at i ors as a eoecml sery ice. and or ov 
mechanisms far moving data to users, and Phase III is to add 
situ data and selected sceciai services to include orach*. ma 
cr t soles. 


n; z 
t a • 
i as 

C3. 


CSTA Data S. stems Planning wer !: snep - PANEL PuP Gr.TZ 

Technical Sue port Package - cr Data 3 /stems ard Discipline 
Panels. 7 Attachments tc User R-equi r»msn;^ ard Data Systems 
Survey. Sec temper 20, 1979 


1! J. ui tel man, Summaries 

Generators, and Users 

Contains tables indirat i 
its cor^eeccndi ng d Ata generator . 1 scat: 

IcTh ,i:3ar3, and nor-CSTA oro;acts. 

2' 2. •Ea'* I a Painter Summary •: 

Data Eases Dv Discipline 

A listing cf each 

corr ssocrdi rc phi a&rs and auxiliary da ta bases, 
it at.-*. local. federal. and ; r. di v: cuai vr. vest i gat or 3 ss: 

a list cf th* eleven «nt rvdutm-g ds:a sarxs. 
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Z't A. Villasenar smr iranga or Data 5vst3fn«3 Recui cs 

Certain* tables ot operational ru scion times 

• cr satallioes. es c 1 mat 3d a at a r ? t :> 2 -cr agisting ard o 1 a.nr. cd 
t.i 35ions, data vsta m facilities. and archive orcuuct use ter sacr 
2 -. sci pi 1 re- 


Dr art 2 Report. - art I: Suoer Summary 

ADS Studv Gfrics G3FC.' 100.7 Novec.'Dsr ii. 177~ 

To identity anc evaluate C2TA data svs tarn concents 
which crcuid provide users with read ; 1 / usable data cr at is 
\ ntsrdad to form a -firm daci 3 1 cn-maki ng basis ter r scemmerci nq 
1 cng-tsrm planning to CSTA. Also. the reed. coj actives, 
mechanics. rsqu: rsnents, ar-d men ac ament r acormencati ons f or tre 
Strawman 3ara concept and each diacicima are included. 


c, anel Report Summaries and recommended Overall S vs tern Due a 
Concept. Dr art 2 Record. Part II Novemoer 11. 1 ?^9 


executive summaries or the ii worksneo oar-els are 
reoerted, slus: an analysis o~ the discioime records and 

recommendations, a commonality analysis o-f tie data situation and 
the recommended Scrawman Data Concoct. Within each discipline 
summary it was realized that NASA acquired so ace data as or.lv 
v. n.Ttall# utilized as: a .is a z * the ze* 1 c: arc h : r- ire :ur-»-t cat a 
s\ :■ c :-r. . 


Land Resources Panel lb 


report includes a detailed set o £ requirements . 
-sccmmenaat 1 ons. conclusions, and needs. T h a conclusions include 
a need for an overall integrated dc* t a systems the system should 


be WAS A and related remote sensing research/ user oriented'. the 
overall data sv stem *ncul d be an enc-to-end system *. and 
subsequent plarning r or the system must continue tc have 
ei or i - i cant discipline researcher /user interaction. 

Recommendations by tne land resource car si induce soeciai 
emphasis on the development of a catalcging -function for data, 
electronic order mo of the data. the use at electronic 


transmission c+* the data -for the researcher 3 /user 5 . 
the data raw and corrected, and -following the cat a 
1 a ic cut 1 n table for m a t in the report f cr spectral, 
tome oral r esci a : 1 cn or the data. 


arc hi vine cr 
rsaui r smarts 
spatiai / and 


Hy dr cl oc v Panel Reocrt 

To better evoiore the 3 do 1 .c at 1 on 0- - e m c t s 1 v sendee 
data arc o-er f cr m a ressaron or oc ess crat combines and 1 r operates 
zata from nan v sources the prircipie res ear cr will, f.rst cf all, 
1 r. 1 1 ud a L.ru /er si 1 1 es an d t h e : r research per 2 on n ar d f vema 1 
** os ear :h installations suoportsd b •/ private industry. -s 
*2 uc - 35 S es * r a ac h. 1 e v «a t ec me 1 cc v t r ;\r 3 f or e f ♦ cr t s -sneu 1 c 3 ; 0 an 1 
to r *-c 1 -.id e at s •: e . Local. an d : seer a 1 ac er c 1 .?« . : ■» t tree ns 2 3 



f 


( 


r 


ORIGINAL PAi_.I r;; 
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ehcuud ce 'jridsrtaksn t c tie convent i cn;u anc -"smcts 
sensing data r:r h/droiotaic stuciss. **‘h3se averts mciuco 
cat al on 1 nc ct data scurcas. i ,ncr:v 1 ,-g tmo reii.-erv c~ 
! aval cp-3 car a v c vet cm correct 3d ?rd cacr et er enese ■’ to '.c-i'i* . a.no 
1 inorcv : r g ■. n 3 ret r r na t c : n g end rsqistraci on o r d a c :• om v.-»r ; c u*- 
sources. A need tor ?.n aocrcon ate m&nacement cru 1 csoohv # 
management empnasis, an d tramewerk with an increased emphasis 
within NASA and among others to *uliv process data gatkerac is 
critical- The project should have strerq science- resource 
management ^svisw and scat-. and include necess arv team personnel 
to define algorithms and couple caza secs# 

Gecl ogv and Sscdvnam: cs Panel 

Drat t 1 Report Panel 43 October 9-12 « l‘”9 


space techno Logv i 3 needed to oevsl cp a von -rerewao i *; 
resource program and to conduct research to increase tra 
or tec 1 1 vensss or ncn-rsnewable resource assessment, exoneration 
development and global scale nanagememt. The ccais are to cpvei 30 
global capabilities tor determimnt tne composition ar.d ;«croetrv 
or materials, and to improve the understanding a- the gaometrv: 
composition and evolution a* tne esrtn as it relates to nor. - 
renewable resource investigations. Recommendations *cr the 
gscl ocv/ good vn ami o panel include the neec *or read 1 . 1 v accessible 
data, NASA soacs-acquired data should be unitermiv aridaed, all 
NASAcata should have a full pedigree with respect tc calibration 
e n d a c r ur ?.c v ct measurements, and cats cel . . ?rv time hoe 

’ .v 3 r o • oner*. t * 


* 




l 


Dr. David Atlas Report ct the Atmosphere 
Dra-ft 2 Panel 44 Feouarv 21. 1930 


Global weather. climate. severe storms. uocer 
atmosphere, and air quail tv are reviewed i nci si dual 1 */ with the 
main emphasis on exploring and developing capabilities tc c c 1 i e ct 
and ai cast data on such a dvr.&mic subject. A acai ct 
atmesoner 1 c ' panel is to octal n etticier.t and erfecti - e use o* : a 

common a! i tv of observations cn a svnootic scale behavior of the 


atmosphere. 


Pecwfnmendati ons 


i nc 1 ude 


data, or ocessinq past and present data 
used. preparation ct individual data 
catalocinc 3 vs torn and data dirsetorv. 


greater ^ccsssi 01 1 1 t v ; r 
: o a p 01 m wh sr 2 it can be 
sets. and development ct 


Oceans Panai Report - Preliminary* 

Workshop Panel 45 October 23. l c_r 9 

User rocuirements consist of 2 =1 snorts: tr ? ^esesren 

?L ament mat conducts sci snti - i c *. rv-est : gaxicn ;n ocean 

1 i sc 1 c 1 1 19s an d 1 n o I udss 1 r. vest 1 g at or 3 1 n ac dce»; z . g ov n rent - 

ana in the private sector; and tne lu.v^erc: si element •jnicn 1 0 
in response 1 1 NASA's -ol a as a teenno’erjv t rans-e**" agent. mac 
carry* rut -i mall pilot demerstr an or s using satellite :ar l-.s: 
00 ser v at 1 cn • . Al'=o discussed are use.- r ecu! r emort 0 itcludirt the* 


i> 


in ii 
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r 


original r;::;: v: 

°F POOR C-AUW 

rvesd <■ o*~ mora coo a r oat a. a c emer aren s: vs .ocrcacr 

surface truth as well os satellite cata. i, artnershi 
c c wan ^ «s s jvr r h c cnr.u nit v * ar d t h s nn 3d z z n a v a 
a v a 1 i ab l a t o r ad -tea c o-s c . ~ sc emmen cat.: c n * : n r 1 u 

rasper 3iv 3 approach to «..*. = or reeds ir, oosan data :: 
solutions should be forward Lee Zing. 


a acouirs 
w: t.n tn*. 
-3C.1 T.or 3 


Data Acaui si ti cn . Distribution and Gear aliens Rsscrt Pinal 
Panel #3 Decsmc-er I4 ? 19 TQ 

Th ora are notably mar a sign f ; c an z man aq iinent t h an 
t.sc nr. zeal issues which are limit: no and will cent: pus to- limit 
the aopii cation and us a of data communications t scr.no 1 ocv - The 

.iCO t significant issue is a language qao oat: wear, the statements 
describing tre discipline neecs arc statements of nsec* to 
•eatacliah data ran snort system. Growth of tna AD3 svotam to 

oe^form more -functions is not lively to run into 3 ; qr 1 f i cant 
technical limitations :n the short run. Limitations s?>r:s in the 
cost of delivering high bandwicth data to remote locations. Data 
tran snort = vs terns must have built-in use/ cost accounting 

capaoi 1 1 1 1 as. Transport of products that aren't e! ectrom cal I v 

represented should use available technology such as pnysical 
transport ard electronic transport. 


Information extraction. Processing, and Facilities Pane: 
Patent 5 :rsl nf =vc /amoor : ~ . 1 

Addresses major issues in t u e construction of C3TA Data 
Systems and functions of ADS to users. adopts defm: :: oro for 
levels of processing. determines ♦unctions served bv ADS. 
examines management, ard information extraction alternatives f or 
extraction of information from data calihr* r . oc to engineering 
units. Serves as a easel me for more como^ehensi vs olar.rmg 1 n 
the future. 

Applications of F.smote Sensing 


J.P. Ford. J.E*. Cimmo. C. Slachi 

Space Shuttle Columbia Views the V ; c " 1 o Wi tr Imaging Aao ar 
The 3 1 ft-A Hx per: men t 

JPL Publication 32-95 January 1 „ i c ‘33 


A selection of 30 scenes cisa laving 
tie microwave remote sensor s / stem for g 
agriculture, forest cover, ocean surface feat 


man-made 

str 

uctur es 

. 

The 

1 mag ss 

a r e 

ac c omc an 1 

or 3 s as a 

t : 

mage 2- 

th 

e « a 

me scene to 

r corn-car: 

of the s 

c er. 

ss are 

.-q! 

a ted 

to imaging 

eve : sms 

other c.h 

a no 

3 S W i t 

hi r. 

t no* 

t i ms 

inter 

val 0 - s 


GO 1 wC 
ar 35 , 
;-:*c tv 



i maces. The i mac: 


ar s* g r clic ec 1 n : o . * a : n 
e c 4 ' * ar t h sur -ace feat u r e 3 J 







ar.d .'nan 


0F POOR QUALi »Y 

r:-*cur: 2 B. rsr.s^ia rsscurc^s, oceanographic 4, 3:^vr23 
made fncurss. 


1 


Z.L. F ec !■ , c.R. Jonnscn, r . M . Koefsr 

Crsating 3 Bridge ^^tweer Remote censinq and hvd--ci ogi c 
^cceis. NA3A-CR- i 70c 1 7 Final Report Jar.u&rv 71 , 1 3 3 

Fart or a long-term studv to dacermi le the suitability 
of present and olannsa remote sensing capabilities tor usable 
h'drciocic model s. The need ter the studv results from lew 
accuracv or lard phase models of the hvdroloaic /ariaciss 
measured bv b 1 - f er ant sensors. Stud v presented is to bridge tn t 
gao tnat prevents effective use of remotel / sensed oaoa ov 
obtaining a r omput a acnal algorithm to modify the model to a cne- 
tc-cns *“©1 at icnsh 10 set ween r cm a c© 1 v sensed variables. 


The SIF.-B Science Plan 

Imaging Radar Science forking Grouc 
JPL Publication 32-79 December 1. i'^82 

Serves . as a reference for the types cf ceosci er t 1 f - c . 
sensor, and processing expert menta which are possible and provide 
broad guidelines tar the organisation at the mission. This 1 s a 
significant steo in understanding the optimum viewing geometries 
fc r various applications. both scientific and teem cl eg: sal * tr.at 
c an c * line uc tec. ! r c .1 uces sensor ler ^c^nar cs c a?: as 1 1 1 1 : as . 

procssinc. and in-ormaticn extraction. 


rr cc ©sd i ngs of Sr IE Volume 231 

Cc.ncut or -Assisted Photographic In terpret aticn Research at 
L*.3. Armv Engineer Toocgraphic Laboratories VjSASTL) 

Rcril 21-23. 1331 

A program in computer assisted ohoto-i n tercratat 1 on 
research has produced a photographic interpreter -anal vc mg hi on 
resolution aerial photography which interfaces c;."»-:tlv -o a 
computer and geographic information svstsfn. Initial capabilities 
include point positioning, mensuration, stereoscopic area search, 
613 creation ar.d playback, and elevation data sr traction. uew 
capabilities include stsrsocraphi c super post t i cr, , a J;gitai image 
w or it: station, a r d 1 n c ear at 1 on of o an or an i c Cc 1 1 :: a 1 Bar c amar a 

p not car aonv as GIS sources. This or o * act is ccncievoc to n an 
evolutionary acorcacn to tne digital cartographic feature 
extraction program. 

La Iif or n i a Re mot a 3 jn si Ccrr.mi 1 1 ee 

R sccmmonda 1 1 ens to the State -Censer vat 1 sni st 
v arch 71. 1933 
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recommends apo L 1 c one for Cai * ?cni a or zcran^s. ano 
o r a i n i n g an d 9 cu 1 smoni which will t aci ; : t at 3 the ; .;s: 
sensing ;n Caii^rniA, 


r scciTjosnco 


Johnson, E.u* rock. T.M. roe- or 

Combi n i nc f-.a^otsi v Sensed and Cther Measurements 
Hydro 1 eg 1 c Aerial Avoragos. MASA-CR- 170^57 
October 31. i 3 32 


Describes a me choc ^cr combining measurements with 
'widely diver -cert statist scales arc accuracies tc develop a sound 
theoretical base for making model moci f 1 cat i one . r he scope o** 
the siucv is 1 1 m 1 tec to the problem or assigning weights tc scint 
data. line data. and distributed data for entry into a medal* 


n. d. 


MacDonald, A. 3. Houston. ■!< R.P. Hevdon iNASA/ JSC) • D.B* 
Botkin. J.E. Estes, & A . H . Strahler iL*C3B> 

Reprint tor the Seventh Internal: i cnal Svmposium Machine 
Processing of Remotely Sensed Data. 

Monitoring Global Vegetation June 23-26, 1981 


Inventory and monitoring of the world's vegetation on 
its current status and temporal dynamics is discussed. Ins need 
and capability ; cr 1 nccraoratirsc 
corncut srs, analysis tsenni cues arc 
c o or z 1 r at 5d : o 1 omen t at 1 on a c o r cac 
t eg e t h or . wn : c h or. a g I ofc a 1 scale, 
tne Earth’s vecetai 1 on . 


Study 


to identify Re 


sat el lit 

e 

imagery, sensors. 

an c:. 1 1 ar 

v b 

at a. :o get her with 

e s . 0 a n 

be 

t •' t 1 *jJ ‘C 

:ould aid 

1 n 

the monitoring c* ; 

Issues 

in 

the Area on 

id Signal 

Ha 

nd 1 1 ng of Remot si v 


Sensed Data. 

NASA NA5-9- 163^0 July 1932 


Research recommendations and approaches fer handling 
remotely sensed data are discussed. Fundamental research in 
minimi cation ct vibrational 
instantaneous sensor boresiaht 
registration and r set i f i cation of 
large aperaturs optics point 
measurement should be supported. 


and thermal sensitivity ct 
that wi 11 aide in future 
images. Research in wiasfield 
spread function analysis and 
Strong support cf research in 


detector 


&rr a\ 


wi 1 


t 


aide in un 1 r or m 1 1 s 


ana 


st ab ill tv 


r tne 

arrays. Efforts are needed in radicmstric cal i oration at ail 

wavel snath ranees fer precision and accuracy and wnen coupled 
with on -Q card radiometric corrections would reduce ground c a ; ?. 
orocossing leads. Research in act: -'2 and passi ve microwave 
signal hardline and processing is -ecommerdsd f or better 

attraction and r eg 1 zt '*a'ci on teenmeuss. An evs^ai i ohilosophv in 
cround dor. a processing :5 recommenced for optimal 0 . acs.nent 0** 
0 a a against cr i t er 1 a of cost. 1 1 me , a-* d ?. 1 0 v.r ? c s * . c u .1 2 or * 

■*« t c ■; a 1 s v o com J s 3 1 2 r. a m cd s 1 m u . a 1 1 o r i - < r 2 
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sc sr : c k J . Dc\ J. 

revised Status or £ a 1 : s 11 : t a Rs.note Sens-, rc -■'■ccrsns 

In t ar national See: st / f or Ph ctocr amme-r t v ar d 9 amot e Sensing 

kcrii i c 32 


Major jevei ooments of remote sensirc programs 
beginning ot 1^82 are discussed- The Seace Shuttle, 
Mission Modular Spacecraft- Tracking and Data Pel 2 / Sat 
System, Thematic M&ooer, and The 31-obai Positioning ayst 
all faced with policy issues effecting the btilcing. ocer 
and nanaging of these systems- Issues include: si 1 mi nan 

spendable launch vehicles, elimination of ground 5 

tracking and data network- management o- scar at; oral 
observation soacecraft, and commercial operation of 
sens 1 ra satellite systems . 


n ■: n e 

Mu l ti - 
1 1 1 1 e 
m are 
sting, 
n or 
tat 1 cn 
earth 
rejects 


E • L . -sek, T-N. Keefer, .*< E.9. Jchnscnt Hvda':: Corner aiicn 

Strategies for Using nemcte.lv Sensed Data In Hydrologic 
Models. 

MASA-CR-66729 July 71. i?31 

Assess capabilities of current and planned remote 
sensing systems for improving commonly used nvdr oloaic and river 
forecasting models. Provides the basis for evaluating the 
usefulness of remote sensing measurements for hydrologic models 
m their present stats and with miner modifications. 


Albert Ran go 

P emote Sensina of 3rcw and Ice: A Review of Research in tra 

!J,S. 1975- 1975 

NASA Technical Memorandum 79717 r.ebuarv i"® 

Entails research work from 1975-1973 in an owe over 
maopinc, snowmelt runoff ^arecaating, demonstration p^ciacts, 
snow water equivalent and free water content determination, 
glaciers. river and lake ice- and sea ice- ~his research is 
1 n vest i gat i od through radiative transfer modeling., passive and 
active mi cr owav e monitoring, and 1 ar d s a t 1 mag srv . 


Michael J. Abrams 

Comouter Image 


JR L Pub 1 1 cation 
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Processing - Geologic Applications 
75-74 June 1, 
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Irrigation scheduling ir *or.na:: or. svctom ’BIB > 

proposed r.c crcvids a zaoe&sed 2 *'scsn - or access nc a Termer. 
1313 w i m r sfnot 3 sensing is o si: ©vsd *: c : nor c , e ’.meat: cr 
srficisncv arc man iter wacer allocation. 


John £ - Estes, John R. Jansen, & David 3. Si men or. t 

I Tip act s cr Rernot 3 .Sensing on Un itsa States .5 esc r aph v 
March i-30 

£x amines the i mo act s or r ?mot 3 2 en sine on g sc cr och v , 
The unique information a rev idea bv remote sensing c schr. : cues and 
its inter mat i cn cot en 1 1 a i as a cower f u 1 tool i n the logic 
reasoning crccoss tor data anal vi is is emphasized. Use of remote 
sons; r g is or ©dieted to change perceptions. methods cr an al y si s . 
models, and paradigms. 


:bert M. Colwell 

Coast Watch: Water Quality Mappirt cr ths 
Francisco Bav and Delta -from Landsat MSS Data 
Cal Soace Ir.sti tut e-nS30— 1 Series S3 Issue z 
April 1*S2 


anti re dan 


/ 


Lands* t MSS data combined with ir.-situ data t or 
assessment :f js, t or cu. a 1 1 1 v o *r sms c or = , s a 1 1 r 1 1 v , c-ur b i d i t v . 


eusc endec scl ids. 


an o cn 1 or cc h •/ 1 1 cor c en cr at : cr . » r © s r-d t o « at 
* a t s r cual i t l r one S . F . . ate Del ia a •-a a. Regress: or model a are 
oe/eiopeo for eacn water dual it/ oar am at ar frem Lsndoat oicioal 
data tor £v sites. The performances or these models were 
evaluated based on the application of selected mode is to 33 
remaining sites and o emo ar i si on of oc s »»r vs d and si mu 1 at sc ✓ a i us s 
for these sites. The regression models than were extended to the 
entire study area f cr napping cr the water quail tv parameters. 


} oh n W . R c u s a . Jr. 

Comment on ms Effects of T -?x t ure cn Mi or 
From Sells ~ Brief Pacer 1 tSO 


-wave i,t:ssiof 


Arkansas, 
cacao : tv 
1 nf 1 t.ence 


Analysis of microwave emission from soils in Arizona, 
Maryland. and Texas raise doubt that the use of f i si. 
as the soil moisture parameter will normalize :r : 
•of soil texture. 


J.R. And srsen. Ernest Hardy, J.T. Poach. *:< fi,£. Witmer 
A ..and use and Land Cover C.L as si f i oszi on *3 v stem f: 
Remct a Bens mg Data 

3go IjCi: a! Survey f^c*s.S5ior*3l Paper c z4 L5G3 Ci * 
.973 
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Th 3 3 y 3 t am u so s oa cur a s o f e:t 3 a : n u w ; d 3 1 / u sec ala *5 sificaticn 
whim car be derived from reccm sensing sources. 




Senna J. Peuoust 

An S;;a,Tunacicn cf Teenniques ♦or cr matt i ng Digital 

Cartoqr aoni c Data 

*art I Rastar-to-Vectcr Process 

Fart II Vector -tc-F as ter rfocsss 

The majeritv cf techniques :r comcuter-assi sted 

cartography require vector formats, - : ast techniques tor 

converting cigital data from raster to vector f or processing, 
then vector to raster conversions for plotting. AI cor c thms are 

included to perform the conversion processes. 


P.S. Arvidson, E.A. Guinness. J,W. Strebsck, S.F. Davies. & 

K.J. Schulz 

Image Processing Aopliad to Gravity and Topcgrapnv Data 

Covering the Continental United States 

ECS, Vo 1 . 63, No. 13 Pages 261-265 Mav 4, 1 c 32 


Appl icafci 1 i tv of standard image processing tschniaues 
to processing and analyzing large geograchic data sets are 
discussed using i mage— f i 1 1 er l ng to produce tone images, digitally 
registering and overlaying cecoarapnic ano gray- tv data- anc 
disci*/ -A -he data tc emphasize structural features. 


A. 6. Kahle. J.P. Sc hi el dee . M.J. At rams. P.E. Aliev. C. Levin 

Geologic Application cf Thermal Inertia Imaging Using HCMN 
Data 

JPL Publication 31-35 Ssotsmoer 13, 1 ~S 1 

Determination of surface Geologic materials based 
on their tnermal pr ooert i as from HCMM data. Three test sites in 
the Western *J.S. are used. Rssu.ts cf investigations include; 
partial success of quantitative accurate thermal inertia values 
f^om HCTM data due to sensor mi seal i br ati ons , radiative transfer 
in the atmosphere, and varying meter clogv and elevation 
Tteasur sment s; apparent thermal inertia zual i tati vel v represents 

t r us t h or ma i i ner t i a t an d d i g 1 1 a 1 d av and night fCtfM d a t a a 1 1 ow s 
construction cf geologically useful images. Future work will 
extend these results anc s:: ami ns multivariate use of HCh'lt with 
Land sat and Soasat data. 


3r ent M • He 1 ben . %. Ch r i = z o o n '-r G . 2 u s 1 1 c a 

The Top acr "ipri i e cn Spectral Pesccnse from Nadir— 

= a i n c i n g 3 en sc r s 

Earth Poseur ces Sr anon NA DA/ Goddar d 3eotem:er 
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c-f toccg raphic street or. satellite cate. " data 3 2 r .i 
tc compare ^tsc^s 3r solar slsvaticr. ana «smiutr. a ■: 
times or t ho /oar , SO o i ;; si /alues were obtained •cr 

si svaticn Jar a show; that. ■?. wide range or r ; : ■= 
associated with era rover tves due scisiv to variation 
angis and asp act. - 


were taker 
dif t or en t 
high solar 
s oar, b 3 


Anal/sis or Digital Terrain 
in sport 177 January 1 -79 

A method *cr the processing and analysis of digital 
toocgraohic data that :an be entered in an interactive c ata base 
in the torn) or slope, elope length. elevation, an c aspect angle 
is presented. Scale -factor considerations and xachemati cal 
cor.si Gsr at 1 ers involved in the real strati on or raw digitized 
coordinate points to the UTM coordinate system is also discussed. 


Scbby G. Junkin 

A Method for the Processing and 
elevation Cat a 

Earth Resources Labor at or v/ NASA 


Mich a Pazner 

Anti Data Modulation Potential in Expert Systems 
A Preliminary Case Study Utilizing Landsat MG 3 Data 
March i*32 

Partial art: data modulation or teens can oe integrated 
:r;: ^ software *r cr 1 tectu.ro cos; croc; tc aids* a sc 1 ore: sc in 

ana: ‘'Zing ar n.cct.nesis. Cosier, considerations -zr oat a 
collection. representation, arc processing are a., ns a at reducing 
modulation distortions in hypothesis t-astirc. 


V.R. Alvarado. Editor 

Assessment or the Use o-f Space Technology m the Monitoring 

of Oil Spills and Ocean Pollution 

Technical Vc 1 ume NASA/ MAS 1-13657 April j 990 

Applications tc the control o- ocean pollution where 
space technology can contribute include communications. sr.io 
navigation. -emote sensing c-f pollutants. and data management. 
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APPENDIX C 

Global Resources Information System, Progress Report 

John E. Estes, Jeffrey L. Star, Michael J. Cosentino, Lisa J. Mann 
University of California, Santa Barbara 

NASA Jet Propulsion Laboratory is conducting a study to 
define the basic design criteria and operating characteri sties of 
a Global Resources Informaiton System. As part of this effort 
UCSB researchers have been compiling background material and 
aiding JPL personnel in this project definition phase of GRIS. A 
bibliography of past studies and current work on large scale 
information systems has been compiled with partial support from 
this grant and is included as appendix B of this document. 

All resources, remote sensing and general library, at UCS8 
were examined in preparation of this bibliography. This 
bibliography presently in draft form will be of real value as we 
progress in our research on large scale spatial information 
systems. The materail in this bibliography will be continuously 
updated throughout the lifetime of this grant. 

A draft report "Global Information Sytem: A Concept 

Paper (JPL Publication 0-1524 , F.C. Billingsley, J.L. Urena, J.E. 
Estes and J.L. Star) is now being circulated for comments. A copy 
of this report is included in Appendix C. of this document. 

In the coming months, UCS8 and JPL researchers will continue 
to interact on this project and aid JPL in defining user 
requirements and operational scenarios. 
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SECTION I 


INTRODUCTION 


Future National Aeronautics and Space Administration (NASA) flight 
missions and, in particular, the planned Space Station will provide an unpre- 
cedented potential for advancement in the Earth Sciences in the next decade. 
However, the new requirements that will be levied by the scientific community 
will also create a challenge for the implementation of information systems 
that will improve scientific productivity to a level that allows for the 
realization of this potential. 

In man’s attempt to understand the Earth and its environment, enormous 
amounts of data are being gathered from many different sources. The extreme 
dispersion and sheer quantity of this data historically have made it extremely 
difficult for space and terrestrial applications scientists to access data of 
particular relevance to their work or even to learn of its existence. Problem 
areas of greatest concern have been the poor quality, poor usability, and 
Inaccessibility of relevant data. 

The demands upon NASA's information Interface to the user community are 
evolving along with the research objectives. The complexity of the environmental 
and resource processes that affect the habitability of the Earth requires a 
multi-disciplinary approach to the understanding of the natural phenomena 
and their dynamics. Increasingly, the requi reme.nts involve comprehensive, 
multi -mission , multi-disciplinary investigations that require data from many 
sources, both from space sensors and from conventional sources. In addition, 
it has become apparent that certain disciplines interact, using parameters 
generated within the purview of other disciplines. There are commonalities of 
needed source data and parameters among the uses and users in many Earth Science 
discipline areas. One study (Reference 1-1) shows that, considering all disci- 
plines and parameters, on the average over 3 1/2 disciplines are served by 
each parameter derived, and each parameter could be measured by over ten sensors. 

The task of locating and assembling data from several heterogeneous 
sources, and then integrating the data into usable correlated data sets, has 
become a technically formidable undertaking. This work frequently consumes a 
sizable fraction of the total resources available for a research investigation. 

The earth-watching satellites of NASA and other national and international 
agencies provide a wide spectrum of detailed data about the earth's resources. 
Heretofore, the state of the art in information science was such that, to 
perform broad-scale scientific research, drawing upon multiple data sets from 
different sensors and satellites meant long, laborious, expensive periods of 
data gathering and manipulation. Today, with advances in the technologies 
of data storage, networking, and data management, it is possible to develop a 
system within practical costs to allow efficient remote access to multiple 
distributed data bases and to enable productive global -scale research. 
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In recognition of this growing need, the House Committee on Science and 
Technology of the United States Congress directed NASA to prepare a “preliminary 
program plan for a Global Resources Information System utilizing an interactive 
network of relevant data bases including program scope, technology, needs, and 
resource requi rements.” 

In 1978, recognizing the need and the technological opportunity, NASA 
initiated a coordinated, multidisciplinary activity aimed at making catellite 
data accessible on-line to the NASA applications research community and 
providing within the system the processing capabilities necessary to enable 
global -scale, multidisciplinary research based on multi-sensor data sets. 

This activity involved the systematic development of improved techniques for 
data-base management, networking, data standards, and advanced processing systems. 
The scope of the task is large and complex; therefore, it was structured around 
a series of distinct science-discipline-oriented "pilot systems" and supportive 
technology development tasks. 

Today, pilot systems have begun to serve the needs of the atmospheres/ 
climate and oceanographic communities; the Pilot Climate Data System and the 
Pilot Ocean Data System are now operative and supporting scientific research. 

This activity continues with the development of two new pilot systems oriented 
toward the land-related science and planetary science research communities, 
respectively, together with on-going work with applications disciplines to 
develop and demonstrate improved tools and techniques for researchers in earth 
resources, oceanography, atmosphere physics, climate research, and planetary 
science. 

These pilot information systems, together with the supporting technology 
developments necessary to accomplish the stated goals, can provide the foundation 
for a Global Resources Information System (GRIS), a broad-based, multidisciplinary 
Information system to facilitate integrated research involving global data 
sets potentially available from satellite remote sensing and other conventional 
sources to address global processes involving the land, air, and water. 

In its initial stages, the Global Resources Information System will 
serve NASA and NASA-supported and cooperating scientists involved in applied 
science research within selected universities and other U.S. institutions and 
federal agencies. However, the global nature of the GRIS concent and of future 
flight missions (like the Space Station) that it will be supporting dictates 
that the scope will have to be broadened increasingly to include scientists 
and institutions with data bases and research interests <n key foreign countries 
as wel 1 . 


The range of science disciplines and investigators involved, the number 
of agencies that will need to cooperate and/or participate, and the international 
scope of the Global Resources Information System pose a significant challenge. 
However, it is a challenge that must be accepted if we expect to be prepared 
to use the full potential that space systems of the next decade represent for 
the advancement of the sciences of the Earth and the understanding of our 
planet. 
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The purpose of this report is to present a preliminary concept for a 
Global Resources Information System and to propose an initial approach to a 
Program Plan. The scientific rationale and the scientific objectives of GRIS 
are discussed in Section II. Sections III and IV present the preliminary GRIS 
concept and system overview. Section V includes a discussion of some of the 
technical and political implications of the GRIS concept, and Section V suggests 
an initial approach to the creation of a Program Plan. 
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SECTION II 


SCIENCE RATIONALE 


The science rationale for a Global Resources Information System has at 

its foundation the concept that the Earth is one large, complex life-support 

system made up of discrete, interacting parts. The functioning and inter- 
relations of these parts (lithosphere, hydrosphere, biosphere, and atmosphere) 
is not clearly understood. In addition, humanity is subtly and surely intro- 
ducing changes that impact the balance between and within these parts. As 

mankind's technological potential has expanded, so too has man's inherent 
responsibility to employ technology wisely. To many scientists Involved in 
research on all aspects of the Earth's global resource base, it has become 
clear that in this century, the capability to significantly alter this planet's 
environment on a global scale has finally been achieved. What may be less 
apparent to these same environmental scientists is that research has also 
developed new tools and techniques that offer the potential to observe, analyze, 
and perhaps control the end results of action affecting the environment. To 
date, humanity's actions regarding the environment have been haphazard: Man has 

acted first and only later recognized and attempted to assess the consequences 
of those actions. Organic carbon deposited by natural processes over millions 
of years has been extracted from the earth in dozens of years. Until recent 
years man has used energy stored in fossil reserves, depositing vast quantities 
of carbon in the atmosphere (estimated to be about four billion tons per year) 
without regard to the consequences on climate. 

The effects of man's actions may be subtle. Agricultural practice, 
favoring cultivation of legumes, enhances the rate at which nitrogen is fixed 
by natural processes. In combination with nitrogen fixed inadvertently by 
combustion or deliberately during the manufacture of fertilizers, this nitrogen 
may give this planet's global life-support system to new domains, with as yet 
unpredictable consequences for the air, sea, soil, and biota. Humanity's 
actions may also be direct. The greatest feat of global engineering, conversion 
of an estimated 10% of total planetary land area from natural vegetation to 
agriculture, was carried out without regard to the large-scale consequences. 

Early farmers did not file environmental impact statements. Even if they had 
done so, their documents probably would have provided little insight into the 
long-range consequences of agricultural land conversion. The scientific and 
technical basis for such a global assessment was lacking then, and to a real 
extent, is still lacking. 

This has been in part due to a lack of adequate data of the type, scale, 
and quality to address scientific issues that are global in nature. In addition, 
the complex nature, of these problems requires that a multidisciplinary approach 
be taken. In a society in which specialization has been the modus operandi, 
interdisciplinary research of the type needed to address global problems is 
rare indeed. It is, then, a basic premise supporting the need for the Global 
Resources Information System, that these large-scale (global) problems require 
multidisciplinary research. It also seems that little truly multidisciplinary, 
large-scale research is occurring. 


Reasons for this lack of research are many, varied, and complex. They 
range from basic technical problems associated with the collection, archiving, 
networking, and processing of large data volumes to fundamental factors 
involved in having scientists with diverse backgrounds meaningfully interact to 
achieve research goals. Yet, it is just this type of research, In which 
satellite and aircraft remote sensing is supported by surface sampling and 
backed by effective information systems, that can provide significant benefits 
today. Some examples of global-scale problems that could benefit from such a 
multidisciplinary, remote-sensing, total -information science approach are 
described below. The fundamental characteristics of these problems are that 
they are global in scale and require a concerted, long-range research effort 
to achieve significantly improved understanding. 

In each of these examples of global problems, global models are required. 
Currently, global models for the most part are not available to support many 
lines of scientific inquiry, and, in many cases, those that are available are 
Inadequate. Global models inherently require global data for their solution. 

Use of global data requires that they be planned for, acquired, then located 
and assembled. In this global modeling problem, even if the models were 
formulated, the quality data required to fully support them are not currently 
available. 


1. Global Carbon Dioxide Cycle 

Several large models are required: Global atmospheric circulation, 

interaction with the ocean, effect of terrestrial vegetation, release from 
fossil fuels, other sources of natural carbon dioxide, biological productivity, 
and relation to other global chemical (P,N,S) cycles, to name several. For 
this discussion, the thrust is whether remote sensing can provide the necesary 
data to solve these models, and what is necessary for an adequate information 
system. This will require such varied information as circulation patterns; 
latitudinal temperature variations; forest distributions by types and rates of 
change; evaluation of cultural practices as they affect forest product disposition 
of carbon in various forest regimes; carbon transfer at the air-sea interface 
as pH, temperature, and sea state vary; ocean precipitation of carbonates; and 
fossil -fuel practices. The multidisciplinary nature of the problem and wide 
gamut of data required must be addressed. 


2. Acid Rain and Pollution Dispersion 

Information concerning circulation patterns is required. In 
addition, knowledge will be required of a number of individual parameters: 
fuel components and their dispersion, depending upon energy practices; man-made 
sources such as automotive combustion; possible natural sources; effects on 
soil pH and water pH; efficac.* of natural buffering; the Identification of 
specific sources by trace components; and the relative importance of S and N. 
Can remote sensing of trace materials be of assistance? Given the problems of 
repeat coverage due to orbit constraints, are better orbits possible? How 
about a synchronous po^r orbit repeatedly going across Kansas with trace 
pollutant sensors? Could laserbased, absorption-line detectors be of use? 

If one addresses this problem, what would one do specifically; and what remote 
sensing supported by what type of information system would be needed? 


3. Biogeochemical Cycle 

The biochemical cycle is the very foundation of our existence. To 
paraphrase recent studies: "In the coming years, we will be able to predict 

how much food the Earth will produce while most of that potential food is 
still 'on the hoof' or in the ground; this will help us to feed the hungry. 

We will be able to know In advance how much fresh water, timber, oil, and 
metallic minerals we can safely consume - this will help us to harmonize 
growth...." (Reference 2-1). Again, a multidisciplinary appproach is required 
(If we strip-mine Montana for coal, for example, how soon can the wheat and 
cattle culture again become practical?) as well as the use of global models 
and a wide variety of data. Tie concern is with both aquatic and terrestrial 
cycles and thei* vitality with changes in their environment: upwel lings; 

water temperature and other coastal processes; water circulation; El Nino 
effects; any interactions with the global C02 problem; effects of soil pH; 
rainfall (acid or not); hydrology and water-table problems; primary productivity 
In the wetlands; leaf chemistry; and the nutrient value in crops and development 
of crops to suit environmental conditions, to name only a few. Figure 2-1, 
from a recent NASA study on Global Habitability (Reference 2-2), illustrates 
the interdisciplinary nature of the problems and suggests the use of the remote 
sensing component. To aid in the understanding of the biogeochemical cycle 
and the renewable resources problems, how can coordinated (across disciplines) 
remote sensing/information systems approach aid in solving the present models 
and allow new models, now untenable, to be developed? 


4. Deforestation, Desertification, and Habitability 

Remote sensing has aided in the understanding of the problems of 
deforestation, desertification, and habitability. Again, the problem is 
multidisciplinary. Some of the factors involved include soil conditions; 
general rainfall and temperature conditions; population pressure and cultivation 
practices; forest stripping for fuel, wood products, or for other uses of the 
land; land suitability for other uses; and changes in rainfall due to changes 
In vegetative cover. This problem interacts with and uses many of the same 
data as the biogeochemical-cycle problem: the global C02 and weather and climate 
problems. Worldwide vegetative maps can be ass'"ibleti, showing changes over 
time. Worldwide data bases of temperature, rainfall, and other parameters 
can be assembled. Many of the problems are largely social. !n this context, a 
question is: How can the social sciences benefit from remote sensing with an 

overall information science context? 


5. Weather and Climate Monitoring and Prediction 

Weather and climate monitoring and prediction have been a major 
contribution of remote sensing. There is no need for an apologia for tnis 
use. The emphasis for this discussion is the interaction of studies conducted 
in this discipline with the others, for example, the use of global circulation 
and precipitation models with the global CU2 and habitability problems. Research 




IMPLEMENTATION OF ADDITIONAL MONITORING 






has shown the potential of correcting tandsat images by flagging areas of high 
cirrus clouds, which distort normal spectral responses. Can the data 
distribution techniques developed for this discipline be used to retain more 
of the old weather data for historical studies? 


Other major problems could be discussed, such as: global navigation, 

global sea conditions and the effects of shipping, ice processes, global 
topographic mapping, physical oceanography, basic geodesy. All have been, and 
will be, aided by remote sensing and advanced information systems. 

The need for global research is vital. The potential provided by remote 
sensing and information systems is high. Indeed, when thoughtfully analyzed, 
the two technologies are inextricably linked. Remote sensing data must reach a 
user in an appropriate form and time frame. It often achieves its maximum 
effectiveness when combined with other data in spatially referenced (geographic) 
information systems. Such Information systems achieve their maximum effective- 
ness when the data they contain are accurate and current. The linkage of these 
two technologies has not occurred because of fundamental incompatibility. It 
is a matter of necessity if these global issues are to be realistically 
addressed. 
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SECTION III 


PRELIMINARY SYSTEM CONCEPT 


The prime motivation for the GRIS is the establishment of an effective 
data-management system to nrnet the data-access requirements of the scientific 
community in its multidisciplinary and multi-mission investigations in the 
Earth Sciences. Such Investigations, commonly known as correlative research, 
use data from many sources for a wide range of applications in a variety of 
disciplines. 

In addition, every discipline can use data common to other disciplines. 
For example, the climatologist is interested in hydrology, land cover, the 
upper atmosphere, solar physics, and indeed, in the behavior of other planetary 
atmospheres as well as the behavior of the Earth's atmosphere and oceans. Each 
discipline generally must make some of its observations on its own, yet each 
should not have to make all its observations on its own. 

Vast amounts of data on the Earth and its environment are being collected 
in centers throughout the nation and around the world. However, investigators 
are, for a variety of reasons, often unable to use more than a small fraction of 
the existing relevant data. The potential data consumer (investigator) must 
determine: 

(1) What data collections exist that have data relevant to the 
investigation? 

(2) Which specific data sets within the relevant collection are 
pertinent? 

(3) How can the specific data sets be obtained? 

(4) What must be done to convert the data into a useful format? 

(5) What support services and background information exist that would 
facilitate multi-user, multidisciplinary use of the data? 

Because each of the several data sources used in an investigation may 
have its own access protocols and product forms, the overall process of finding 
out what data are available, obtaining the data, and integrating the data into 
a compatible set is currently a technically formidable task. Frequently, this 
task results in the development of extensive appl i cation-unique data access and 
conversion capabilities. 

The GRIS concept is a strategy for lowering the information exchange 
barriers that exist between participating producers of data and information, 
and the existing and potential users of that data and information. 
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The GRIS program will seek to provide key elements to supcort 
correlative research in the lana, atmospnere, climatic, and o'ceanographi c 
sciences. Using standard interfaces and operating guidelines, diverse data 
systems can be integrated to provide the capabilities to access and process 
multiple geographically dispersed data sets and to develop the necessary 
procedures and algorithms to derive global resource information. 

To accomplish these objectives, GRIS, as currently envisioned, must be 
capable of performing the following functions: 

(1) Interface to a geographically dispersed, heterogeneous user 
community via a common-carrier , electronic communications network. 

(2) Provide access to data bases that, contain both space and 
terrestrial data in varying formats and that are managed by 
dissimilar data management systems. 

(3) Provide substantial ease and uniformity of user access to the 
data bases. 

(4) Provide extensive assistance in the location of relevant data. 

(5) Enable data to be transferred in a timely and efficient manner. 

(6) Allow concurrent access to the service by multiple remote and 
local interactive users. 

(7) Allow full control by participating organizations over access to 
and utilization of their computing and data resources. 

(3) Minimize time, cost, and operational impact of adding (or removing) 
users or data centers to the GRIS. 

(9) Develop and maintain data and communication standards. 

(10) Support on-line, cataloged processes to perform special functions, 
allowing controlled computing resource sharing when appropriate. 

(11) Perform special services, such as data Integration or active 
archiving of data, when such services are desired. 

(11) Perform the administrative and management functions necessary for 
the coordination of the information network. 

An important feature is that the data accessed via GRIS will remain under 
the management and control of the organizations and data centers in which it 
resides. No data will be managed directly by the GRIS, with the exception of 
catalogs and directories of information about available data bases and partici- 
pating organizations and centers and their resources, unless a specific archive 
is placed under GRIS management for special purposes. 

1 
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01 sclpl i ne -oriented data will reside in discipline-oriented systems. 

These discipline-oriented systems are based on the concept of a Scientific Data 
Management unit (SDMU) (Reference 3-1). An SDMU is an organizational entity 
responsible for developing and maintaining a "live" data archive in support 
of a specific scientific objective. A live archive contains data that are in 
active use, together with a knowledgeable support staff. The staff makes 
decisions about the structure, o-ganization, and content of the data base 
required to support the discipline investigations. 

The SDMU is typically associated with a central-processing and analysis 
facility that is a principal user of the data. Other remote users are inter- 
connected through the network systems. 

SDMUs and associated computing facilities are created wherever there 
exists a critical organizational mass with deliverable research objectives. 

Examples of SDMUs include NASA's Pilot Oceans Data System (PODS), Pilot 
Climate Data System (PCDS), and the proposed Pilot Lands Data System and 
Pilot Planetary Data System, presently under development. 

Figure 3-1 is an overview of the GRIS concept. It includes the following 
elements: 

(1) Archives to retain usable data sets and make them readily 
available. 

(2) Discipline-oriented information extraction anc processing systems 
to prepare parameter data sets, operate R & 0 models, develop 
user-oriented products and displays, and perform scientific 
analysis. 

(3) A common data cataloging and dissemination network service to 
allow users to locate, order, access, exchange, and integrate 
data quickly and at low cost. This would supplement rather than 
replace the current mailing of tapes and disks. 

Section VI of this report presents a more detailed description of some 
of the features of GRIS, along with a discussion and an assessment of the 
different networking and information system technologies that are germane. 
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SECTION IV 

SYSTEM OVERVIEW 


A. GLOBAL RESOURCES INFORMATION SYSTEM ORIVERS 

A set of generic data handling and analysis requirements results from 
consideration of the large-scale science problems that will be characteristic 
of future global remote sensing such as will occur from, or in association 
with, the Space Station: 

(1) Ability to locate required data sets in the various catalogs 
located in the United States and other countries. 

(2) Ability to move data sets rapidly from the archives to locations 
where the research is being conducted. 

(3) Ability to register, calibrate, and modify data sets to standards 
rapidly with minimal manual Intervention. 

(4) Ability to perform processes on the group of assembled data sets 

in near real time, both locally and remotely. 

(5) Ability to communicate research dat3 and technical information 

between scientists locally and remotely in near real time. 


B. GRIS GENERAL SYSTEM ARCHITECTURE 

Integrated software packages known as Geographic Information Systems 
(GIS) have been developed that can perform all phases of storage, maintenance, 
retrieval, and analysis of spatial data. The function that sets them apart 

from data-base management systems is the ability to perform various degrees of 
analysis, at the users direction. Accordingly, this analysis will be 
Incorporated within the definition of the GRIS. The general functions of a 
GIS, of whatever size, are described below. 

A GRIS may be thought of as a super GIS, serving many users and accessing 
many data bases in a systematic, standardized manner. A potential data query 
and location scenario and the corresponding flow/block diagram will serve as a 
basis for discussion of factors that relate to the use of geocoded data in 
such a system (Figure 4-1). Note first that the GRIS will not take over the 
world or even the established archives. Rather, it will interface with these 
and provide the coordinating and standardizi ng so sorely needed. It will have 
no control over these archives but must understand their structure and catalogin 
to provide the necessary interfaces. Its structure will be much like that of 
the telephone service: A centralized organization must be present to organize, 

provide standards, implement the network and interfaces, perform research to 
provide future improvements, and provide specialized services. But, just as a 
telephone customer directly telephones his party without visibly invoking all 
of the company structure, the GR I S user will be provided with facilitating 
services as well as specialized ones. Thus, a distributed heterogeneous set 
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Figure 4-1. A Distributed Geographic information System 
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of data bases is turned Into an information system. At the same time, however, 
the need for timely responses is evident; this may require that the GRIS itself 
become an archive available for rapid turnaround. 

A walkthrough of the diagram will be useful. A user will use his 
forward model to determine what data is needed to answer a given research 
problem (lower left). He then queries the catalogs of the various known archives 
to locate useful data sets. He would also query the GRIS Central catalog, 
which in turn has access to archive catalogs. The located data are then ordered 
via either the GIS or the Member Archive operations Data Base Management System 
(DBMS), which would be the "order desk." Accompanying the order would be 
requests for the desired retrieval processing. At the same time, value-added 
services would be requested. On receipt of the data from the GRIS he would 
proceed with his own program. The GRIS may serve as a temporary or permanent 
archive, as might the user. Either would maintain archival data compatible 
with the professional Member Archives. In this manner, all users will have 
access to all established archives. 

In this scenario, the established archives would not change their data 
structures and would only have to establish suitable catalog interfaces. The 
archive interface modules of the GIS would perform the necessary standardizing. 
Their location would be with each archive, to provide a consistent interface 
to the network. 

C. DATA ARCHIVE PRINCIPLES 

To make Such a system practical, certain principles should be followed 
in designing an archive and its data structure: 

(1) To avoid aggregation/disaggregation problems, the data should be 
stored at the resolution commensurate with its data content, 
usually at the resolution at which it was obtained. 

(2) If practical, remove the intra-image distortions so that only 
affine low-order corrections will later be required. 

(3) Store with the data the precision information required to register 
the data to a well understood reference during retrieval , such 

as latitude/longitude (i.e., georeference the data). This also 
provides the required reference information for the data location 
queries by geographic coordinates. 

(4) Store with the data all relevant ancillary information, such as 
calibrations, sensor data, processing history. 

(5) During data retrieval, geocode the data. That is, reproject and 
rescale the data to the grid requested by the analyst, and provide 
the ancil lary data. 

(6) Supply the data in a standard format independent of the incoming 
data type or sensor, with suitable annotation to allow the analyst 
to use the various types interchangeably. 
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D. SYSTEM MAJOR COMPONENTS 

The GRIS consists of the following major components: 

1. Archive Nodes 

For this discussion, an archive is a data repository that 
potentially can be connected to the system for electronic catalog conversations 
and potential data transfer. The initial supposition is that the data will be 
required from a number of currently operating archives, that future archives 
will be established for future NASA missions, that some archives such as the 
National Space Science Data Center (NSSDC) contain somewhat specialized data, 
and that other archives such as Eros Data Center (EDC) contain data of more 
general interest. As these archives are selected to be included, individual 
decisions must be made concerning the interface modes. The general requirements 
for an archive node will be to service the catalog searches and requests, to 
locate and prepare for distribution, and to distribute the requested data. 

The data reformatting is proposed at the archive nodes to allow all trans- 
missions to be in common style, perhaps using the Standard Format Data Units 
(SFDUs) being developed. Eventually it will be desirable to maintain an on-line 
data browse. 

2. The Network 

The network would consist of all of the data transport mechanisms 
as appropriate: mail, leased line, dedicated line, arrangements for Qomsat, 
etc. It could be built on networks such as the NASA Program Support Communi- 
cations (PSC) facilities, and could contain Local Area Networks to connect 
users to the Long-Line Network. It would Interface to each node with specialized 
hardware and service both text communications (such as the catalog conversations) 
and data transfer. As the capabilities can be increased, data transfer 
progression might be: tabular and low volume point or polygon data, then 

browse Images, then larger images. Interactive capability would initially 
only be the catalog conversations, then expand to catalog browse, data browse, 
and (much later) to interactive data analysis. 

3. Support Services Administration 

This component would consist of the di rectory /catal og/di ctionary 
services required to access the various data bases required. It would set the 
standards for this service and provide catalog query translations, access to 
the various catalogs, and a supercatalog function. It would also provide 
the alphanumeric terminals to the member nodes and a search function to locate 
and connect to new data bases as new data are requested. In short, it is the 
nerve center of the Pilot: It will provide the administrative and accounting 

services for the system, including accounting, billing, and standards maintenance. 
It will include general user support functions such as the admi ni strat i ve user 
interfaces to the system and the general operations functions required to 
keep the system running. During implementation, this function would also make 
the necessary interagency and international arrangements. 
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System Central Services 


The System Central Services are those data preprocessing services 
implemented by the system, as requested by the Steering Committee. This function 
will provide value-added services of selected kinds for system and non-system 
data upon request from the users. It will also build the capability to perform 
value-added services of an algorithmic kind. This service provides the 
registration, rectification, mosaicking, media conversions (such as map digitizing), 
data format conversions, and related operations. It will be the data outlet 
for the system for those data sets not transmitted directly from the archives 
to the users and it will maintain an archive of data that it has processed to 
avoid the necessity of reprocessing. It will build these capabilities on the 
existing capabilities at the various centers and will provide the interface 
requirements and specifications for the data terminals. 


5. User Interface Nodes 

User interface nodes are where the research tasks are performed. 
They contain the interfaces between the network and the local equipment. The 
general concept will also include the local 6IS, analysis hardware and software, 
and the staff expertise. This is necessary to fulfill the desire for a 
distributed system, not just a networked data base. Network-interfacing 
equipment would be under the control of the network function, but all other 
functions would be under local control to encourage local developments. 

Compatible, modular hardware will be required at all node locations for 
data analysis. This hardware must interface with the terminal hardware and 
must support a local GIS. The data analysis developments being performed at 
the various NASA centers and at participating universities will need to be 
coordinated and arrangements made to modularize, package, and document for 
distribution those algorithms and procedures that are deemed to be generally 
useful. All centers are developing or have in place hardware and software 
systems; these developments must continue and tha available capabilities used 
where practical . 
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SECTION V 

ISSUES INVOLVING GRIS IMPLEMENTATION 


The scope and the diversity (in terms of users, producers, and resources) 
involved in the implementation of a Global Resources Information System is the 
origin of a series of technical and political/organizational implications that 
go beyond those encountered in the implementation of the existing or planned 
discipline pilot information systems. The range of science disciplines and 
investigators involved, the number of agencies and institutions that must be 
called to participate, and the global scope of GRIS pose a number of technical, 
managerial, legal, and political questions that require a careful analysis and 
pose a significant challenge. This challenge must be accepted if scientific 
productivity is to improve to a level that allows for the realization of the 
potential that space systems represent during the next decade. 

The success of GRIS will depend not only on the correct solution of the 
technical, technological, and design problems that will be encountered during 
its Implementation but also, to a large extent, on the correct choice of 
strategies in the areas of management and in the resolution of issues arising 
from the complexity of the interactions between people and institutions that 
will be involved. 

The purpose of this section is to initiate an analysis to identify the 
principal issues that will affect the GRIS implementation and to provide 
recommendations where appropiate. Three general areas must be considered: 

(1) Managerial. 

(2) Inter-institutional relationships and coordination. 

(3) Technical. 

A. Managerial 

The complexity of the relationships between people and institutions and 
the number of separate activities that are inherent to the development of GRIS 
require the development of a strong and well-defined management infrastructure. 
At the same time, a strong commitment will be needed from NASA Headquarters , 
involving the Information Systems Office and the Earth Science and Applications 
Division, to support the development of GRIS through its life cycle. Agreements 
between appropriate NASA Headquarters offices should be established to cooperate 
in the planning with future flight missions of the evolutionary growth of GRIS, 
especially with the Space Station, which is expected to be a main focus of 
interest to the Earth Sciences research community in the future. 

Continued involvement of science users throughout the program life cycle 
is essential. The GRIS management structure must contain elements in which the 
scientific-user community is represented to a level that ensures that the 
program is truly responsive to the real needs of the research community and 
their scientific objectives. Figures 5-1, 5-2, and 5-3 show a preliminary GRIS 
organization structure that reflects these principles. 
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Figure 5-1. Organizational Structure for the Global Resources 
Information System 
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Global Resources Information System 
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Figure 5-3. Steering Committee for the Global Resources Information 
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The GRIS Steering Committe (see Figure 5-3) will be composed of a 
Technology Group and a Science Steering Group. The Science Steering Group will 
formulate the program's objectives and set forth the requirements for system 
capabilities in terms of data access, processing, display, and user support. 

The Technology Group will identify the relevant information system 
technologies required and provide guidance in the development and implementation 
of the system. 

• The GRIS Project Scientist (see Figure 5-1) will be responsible for 
providing advice and recommendations for the continued scientific relevance 
of the program on a continuing basis. 

8. Inter-Institutional Relationships and Coordination 

The number and variety of agencies and institutions that are repositories 
of data of potential interest to the Earth Science research community will 
require a well-defined set of agreements for cooperation between the involved 
parties. The sharing and exchange of data and information in a distributed 
environment raises a series of legal and policy-related questions about the 
property of data sets and the boundaries of responsibility of the involved 
organizations. 

The issue of irter-institutional and inter-organizational coordination 
can be viewed from the perspective of the following three, levels: 

(1) Among NASA Headquarters offices: The roles and the boundaries of 
responsibility of the Information System Uffice and the science 
program offices of the Earth Science and Applications Division 
will have to be clearly defined through agreements. 

(2) With external agencies and institutions: Federal agencies, such 

as the USGS and NUAA; and other research institutions, such as 
universities. 

(3) At the international level: With other foreign agencies and 

Institutions. 

The coordination among the participating institutions can be accomplished 
through a process involving: 

(1) Inter-agency agreements regarding the exchange of data and 
information as well as the roles and responsibilities associated 
with their participation in the program. 

(2) Technical and scientific working groups to define the scientific 
requirements and technical approaches to achieving data and 
information sharing and exchange. 
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C. Technical 

The Interconnection between diverse, heterogeneous information systems 
and the- number and size of potentially relevant data bases and their geo- 
referenced nature poses a significant challenge. System design must support a 
phased, modular-implementation approach so that the design can be validated by 
building and verifying portions of the system prior to comnitlng to full 
implementation. 

To minimize risks, GRIS development should be based on the integration 
and testing of proven technologies . However, GRIS should provide a mechanism 
for close cooperation with the computer science research community for the 
development of advanced technologies that would eventually be integrated into 
GRIS. Figure 5-2 shows a preliminary Work Breakdown Structure for the technical 
activities associated with the development of GRIS. 

One of the barriers that exists to computer-based information exchange 
between producers of space and non-space data and information and the scientific 
community that makes use of the data and information is that many of the data 
producers and users have developed unique methods of data handling and 
processing. These methods include a wide diversity of data descriptions, data 
formats, and data-exchange protocols. 

A GRIS Standards and Guidelines Program should be initiated to facilitate 
the exchange of technical data and information among the data systems that 
support the scientific-user community. It would foster common or compatible 
data formats for multi-source investigations, thereoy reducing the number of 
unique interface definitions and requirements for custom software development 
by users. 

External agencies, such as the national Oceanographic and Atmospheric 
Administration (NOAA) and the United States Geological Survey (USGS) are large 
producers of data used by the scientific community involved in Earth Sciences 
research. It is essential that they are included in the data standards development 
and participate in the evaluation of the standards implemented under the GRIS 
auspices. Additionally, some inter-agency standardization efforts, such as the 
Consultati ve Committee for Space Data Systems and other organizations, have 
been developing standards for data and telecommunication systems. Coordination 
with these organizations is essential to avoid duplication of efforts anq to 
facilitate compatibility with external systems. 

Although NASA Headquarters should make all determinations of policy for 
the program, the development of new standards and the handling of requests for 
modification of existing standards will be under the control of a Standards 
Control Board, which will have ultimate responsibility over the operations 
related to the Standards and Guidelines Program. 


SECTION VI 


PROPOSED APPROACH 


The underlying motivation of GRIS Is to establish an effective and 
efficient information management system to meet the data access recjui rements of 
NASA and NASA-related scientists conducting large-scale, multidisciplinary, 
multi-mission scientific investigations. The objective of GRIS is to develop 
an Interactive data dissemination network that will provide research access to 
data on a global scale to serve the needs of the atmosohere/cl imate, oceano- 
graphic, and land-sciences communities. An initial step toward accomplishing 
this task is to examine the potential for linking existing and planned NASA 
pilot data systems. Within the context of GRIS, this linkage would facilitate 
research of a type and on a scale not currently planned under the Pilot Climate 
Data System, Pilot Ocean Data Systems, and Land Data Systems. 

Figure 3-1 presents a potential structure for a GRIS. To the extent 
that these existing and planned pilots facilitate multidisciplinary research, 
they will support GRIS objectives. To the extent that these existing and 
planned pilots support global research, they will support GRIS, ret GRIS must 
go farther: GRIS should support access to international data banks and 

facilitate linkages between scientists from many disciplines in a manner not 
found in the existing pilots. 

GRIS should, therefore, undertake a study to determine an effective 
methods for linking existing institutions. Such study would be most aoprcpriate 
at this time. Efficiency may be achieved by identifying centers and institutions 
with existing or proposed links to more than one Pilot Data System. This type 
of study could examine the best way to effect linkages minimizing redundance and 
ensuring efficient access to multidisciplinary use of pilot facilities. 

To implement GRIS effectively we must also begin our examination of the 
international implications implicit in the development of such a system. 

Questions we must ask include; What international data banks must be accessed? 
Are there restrictions on their access? What international organi zations and/or 
institutions may be involved? What is the most appropriate way to provide 
multidisciplinary, multinational research team access to and processing 
capabilities for NASA and related data sets? What problems will hinoer this 
access? We must begin to anticipate these and other issues if we truly hope to 
achieve a Global Resources Information System capability. 

Finally, to test the concept of GRIS a limited number of success-oriented, 
multidisciplinary research projects, linking ocean, land, and atmospheric 
scientists within the United States should be initiated. Researchers conducting 
these studies would be strongly encouraged to cooperate with international 
organi zations yet need not necessarily initially include such individuals as co- 
invest i ga tors. These studies would be initiated only after careful study of 
the scientific justification and international implications of the proposed 
projects. These projects would be used to test the feasibility and viability 
of the GRIS concept. Projects selected should have scientifically significant, 
specific goals and objectives. 
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Realistic costs and schedules should also be developed. The premise 
is that successful demonstration of the GRIS concept will generate enthusiasm, 
and this enthusiasm will in turn provide further impetus for GRIS implementation. 
Figure 6-1 suggests a phasing for the studies outlined above. It should be 
emphasized that, while development in each of these areas could be undertaken 
independently, successful implementation of the GRIS concept will require that 
work be done in each area. Therefore, a phase-integrated approach would be 
appropriate. 
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Figure 6-1 • Proposed Phasing for a Global Resources Information 
System Implementation 


In conclusion, it should be emphasized that the material presented in 
this report represents our interim thinking on the implementation of the GRIS 
concept. Should Headquarters accept the threefold approach to GRIS implemen- 
tation described above, we propose in the coming months to develop a more 
detailed breakdown of the tasks required to support each program element. 

The need for systems to facilitate the use of multisource data by multi- 
disciplinary research terms to address global -scale scientific issues is great. 
Systems must be developed to meet the needs of multidisciplinary research into 
global problems. We feel the approach proposed herein addresses this need. 
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THE POTENTIAL OF A I TECHNIQUES FOR REMOTE SENSING 

John 2. Estes*, Charlene Sailor* Larry R. TInney 
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Las Vegas, Nevada 

ABSTRACT 

Remote sensing Is a powerful tool for geographic analysis 
capable of producing large volumes of data In the spatial, 
spectral and temporal domains, A variety of "conventional" 
machine-assisted processing and analysis procedures have been 
developed In an attempt to improve the efficiency of Information 
extraction from these data. Yet, in general the current state of 
the art of computer-ass I sted Image analysis lags far 2 behind 
human I nterpretat I on techniques Improved approaches to machine 
assisted Image processing must be exposed. It Is our conclusion 
that techniques adapted from the field of artificial Intelligence 
(AM can have significant, wide-ranging Impacts upon computer- 
assisted remote sensing analysis. 

Al-based techniques offer a powerful and fundamentally 
different approach to many remote sensing tasks. 

In addition to computer assisted analysis Al techniques can 
also aids "onboard" spacecraft data processing and analysis and 
database access and query. 

Developing Al-asslsted systems and analytical procedures 
wi I I require a groat deal of time and effort. The results. 
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particularly in the image processing area, should eventual ly 
prove more accurate and robust than current statistical 
approaches. In addition to the potential for increased 
performance levels, Al-based research has focused upon user 
acceptance issues and developed Improved user interfaces that 
should lead to greater acceptance of computer generated remote 
sensing products. 


INTRODUCTION 

As Naisbitt (1984) states in this recent work Megatrends, we 
have moved from an industrial to an Information society. 
Geographers today are faced with a wide variety of data as they 
attempt to pursue their research. Figure 1 which focuses on 
remotely sensed data as an information source illustrates the 
variety of data types and sources and the need of users to tap 
specific data of interest to their research. The information 
explosion (depicted in figure 1) which has occurred in recent 
years has lead to the increased use of automated procedures for 
accessing, organizing, processing and analyzing spatial data. 
Geographic information systems are responsive to the need for 
Improved capabilities to use spatial data for a wide range of 
fundamental research and operational applications. It is 
interesting to note that Naisbitt in Megatrends states that the 
beginnings of this new information society dates back to 1956, 
1957. (Naisbitt, 1984). This time frame corresponds to the 
beginnings of satellite remote sensing with the launch of 
Sputnik. 
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Remote sensing is a powerful data generation technology. A 
technology which has in the past and will continue in the future 
to have significant impacts on our ability to accomplish both 
fundamental and applied geographic research (Estes, Jensen and 
Simonett, 1980). Yet improved approaches to the processing and 
analysis of remote ly sensed data are required if we are to take 
full advantage of the Information potential inherent in the 
products of this technology. Ln recent years a number of papers 
and conferences have had as their theme the merging of remote 
sensing and geographic information systems technologies (Shelton 
and Estes, 1979; Shelton and Estes, 1981; and Estes 1981. This 
merge is seen as a way to improve our abi I ity to employ machine 
assisted analysis procedures to Improve our capability to extract 
information from the .vast array of complex spatial data available 
to geographic researchers today. In these and more recent 
articles, we have suggested a need To bring more w intelligence 11 
into the processing and analysis of data than is presently 
permitted employing conventional statistical and mathematical 
processing procedures. (Tlnney, Sailer and Estes, 1983, Estes, 
Sailer and Tlnney 1983; Estes, 1984). 

The current state-of-the-art of computer-assisted image 
analysis generally lags far behind human I nterpretat l on 
techniques. A comparison of these two methodo I og i es illustrates 
that the level of decision-making used in ,f au tomatod" procedures 
Is still at a very low level, whereas analysts are capable of 
taking advantage of higher level re I at i onsh i ps between objects 
both within a scene and across scenes. 

For some applications existing comp u ter -as s i sted procedures 
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produce classifications which are satisfactory for the task at 
hand. However, when faced with data sets which contain several 
different types of information, requiring substantial amounts of 
a priori knowledge and the application of reasoning or logic to 
solve the problem, conventional computer-ass i sted techniques are 
expremely limited. It is the opinion of the authors that much of 
the "technology transfer" problems associated with computer- 
assisted remote sensing using satellite-based systems are 
actually due to the Inability of current techniques to 
systematical ly achieve accurate results. 

Concepts from the field of artificial intelligence (Al) have 
proven useful in application domains with characteristics similar 
to those found in the field cf remote sensing. From an 
examination of successful Al implementations, particularly in the 
area of "expert systems", it appears that there exists a 
potential for successful application to several remote sensing 
tasks. The area of most interest here, computer-assisted image 
analysis, is clearly one of the more difficult appi ications for 
which Al techniques are being applied. It appears evident, 
however, that Al-based techniques may be necessary if major 
improvements in automated image analysis performance are to be 
achieved. Current non-AI alternatives do not appear capable of 
ever reaching human analyst performance levels. 

This paper provides a brief review of some basic Al 
concepts, including expert systems. Expert systems is an area of 
Ai with the greatest potential for direct applications to various 
image analysis tasks. Introductory AI material is f c I lowed by 


4 



The Potential of Al 


sections examining potential space and remote sensing 
applications of Al technology. A major portion of this paper is 
devoted to a comparison of human and computer-assisted image 
analysis procedures. Fol lowing this comparison, some critical Al 
Implementation issues are addressed. The intent of this paper Is 
to provide the geographic community with an initial exposure to 
Al techniques and convey a mix of excitement and caution 
regarding their apprl icabf I f ty to remote sensing tasks. We 
believe that the impacts of Al techniques or the acquisition 
processing and analysis of remotely sensed data can be profound, 
but that their success implementation wl I I require substantial 
efforts. 


ARTIFICIAL INTELLIGENCE 

Artificial intelligence (Al) Is the science of making 
machines perform tasks that would require intelligence if done by 
humans. A currently active subfield of Al Is concerned with the 
development of reasoning systems based upon formal logic systems, 
such as the predicate calculus, for simulating human decision- 
making. Decision models based on Al techniques are typical ly 
expandable, easily altered, and extendable. Al employs computer 
programs and programming techniques to elucidate the mechanics of 
human thought processing in general, and human decision-making in 
part l cu l ar . 

Artificial Intel I igence programs are fundamental ly 
different than conventional computer programs in a number of 
ways. Table 1 lists some major differences between these types 
of programs. Difference in programming strategy used is the most 
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basic distinction between A1 and conventional programs. Non-AI 
programs typical ly rely on the development of algorithms, which 
are step-by-step methods for solving a particular class of 
problems. A major problem with this approach is that there may 
not be an algorithm that can solve every problem in a set of 
problems for a particular application. In addition, even if an 
algorithm exists, It may not be cost efficient for every problem 
In that class of problems. A! programs model reasoning systems 
using formal logics and employing heuristic searches. Heuristic 
search can reduce the cost and circumvent the inefficiency of 
exhaustive search techniques, and Is of importance due to the 
very large databases which the programs are typical iy cal led upon 
to search. This could be particularly important in image 
analysis where large spatial databases (e*g. geographic 
Information systems with multiple data planes), are often 
required in the analysis task. 

TABLE I. COMPARISON OF A I AND NON-Ai PROGRAMS 


Ai PROGRAMS 

o Heur i st I c 

o Modular autonomous 

o Knowledge sources 
Flexible know I edge 

o Symbo I i c 


versus 

o 

o 

o 

o 

o 


NON -A I PROGRAMS 

A I gor I thm i c 

Knowledge 

Inflexible 
stored knowledge 
de I eted or 
augmented 

Numer i c 

o 


o °State * specific 
procr amm i ng 


6 


Sequence 1 specific 
programmi ng 
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In most Al programs there !s a fairly rigid separation of 
Input data concerning the proo I em; operations which manipulate 
the data; and, control structure which direct the operation. The 
knowledge base In an Al program is typical ly an autonomous 
component that can be directly modified, augmented or reduced by 
Interactions with the operations portion of the program, or 
indirectly through the control structure. Knowledge is often 
stored in the form of rules, especially In "expert systems". In 
sharp contrast non-AI programs typical ly have rules contained 
within the control structure of the program, making the knowledge 
somewhat Inflexible; such knowledge usual ly cannot be modified 
without physically rewriting the program. 

Encoded knowledge of Al programs tends to be of a symbolic 
rather than numeric nature. Symbolic operations appear to more 
adequately characterize cognitive activities, such as problem- 
solving, planning and deduction (Ouda and Shortliffe, 1983). Ai 
languages have been developed with this data distinction in mind. 
An example of a language designed speclfical ly for Al appl Icatlon 
Is LISP, which manipulated wordllke objects (atoms) or groups of 
atoms (lists) rather than performing operations on a collection 
of data. 

Al programs emphasize "state" specific programming. An 
action is performed when a specific set of conditions have been 
fulfilled, and not necessarily In any particular order. The 
control structure dictates what should happen in each 'state* but 
It Is not necessary to know in advance when each state should 
occur. Non-AI programs dictate how the program will move frcm 
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one state Into another, from one moment to the next* These 
programs are considered to be sequence oriented, for additional 
general information concerning artificial i nte II I gence the 
Interested reader is referred to Shortliffe et al. (1979) and 
Roberts ( 1 97 1 ). 

EXPERT SYSTEMS 

Somewhat paradoxical ly, It has proven much easier to emulate 
the problem-solving methods of some types of specialists than to 
write more general programs that can approach a child's ability 
to perceive, understand language, or make commonsense deductions. 
Human experts are often distinguished by their possession of 
extensive knowledge concerning a very specific domain of 
problems. It Is this very specificity of knowledge that has made 
it feasible to develop "expert system" computer programs (Cuda 
and Short I I f fe, 1983). 

Expert systems are a subset of Al geared to proolam solving 
In a restricted domain of study. Expert systems take advantage 
of the experiences, knowledge, and "rules of thumb" of experts in 
a specified domain and call upon their expertise to solve 
prob I ems. Major components of an expert system are the knowledge 
base (composed of modular knowledge sources) and the inference 
mechanism which manipulates the knowledge contained In the 
knowledge base. Performance of these systems Is highly dependent 
on the depth and structure of the knowledge base. 

C I ass I f I cat i on programs tend to be the simplest and the most 
successful expert systems (Cuda and Shortliffe, 1983). Expert 
consulting systems have been built that can diagnose diseases 
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consulting systems have been built that can diagnose aiseases 
(INTERNIST, MM lor et al,, 1 932; MYCIN, Short! iffe, 1 976), 
evaluate potential ore deposits (PROSPECTOR, Ouda et al., 1979) 
suggest structures for complex organic chemicals (DENDRAL, 
Lindsay, et a I 1 980), and configure VAX computers (R1, 
McDermott, 1982). Classification programs tend to be the 
simplest and the most successful expert systems (Duda and 
Short! iffe, 1963). Requirements for developing successful expert 
systems include: the existance of at least one acknowledged 

human expert that the experts knowledge is based upon special 
knowledge, judgment and exper I encefhat the expert(s) can explain* 
their approach to problem solving In their particular specialty 
area; and, for successful imp I ementat ion within the current 
state-of -the-art, a narrow and well-defined area. 

Human experts, however, ao much more than just solve 
problems. Their activities are typical ly char acter i zed by a wide 
range of behaviors with problem solving only being the most 
evident. Experts are also able to explain results, learn and 
restructure their knowledge, and, perhaps most importantly, 
determine the relative importance of different e I ements w i th ! n a 
given situation. Flexibility of Intelligence In an expert system 
is largely derived from the range and levels of rules it 
contains. A large number of rules is typically necessary because 
the program can be faced with a wide range of situations. Expert 
systems have already been developed which can approximate an 
experts performance in reaching a conclusion (Duda and 
Short! iffe, 1 983). However, much research is needed in the areas 
of machine learning and Knowledge restr uctu r i ng. 
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Important operational character I st i cs found in many expert 
systems Include the ability to: predict outcomes for events in 
their limited domain; utilize various types of data in reaching 
conclusions modify their knowledge base when confronted with 
conflicting assertions and "explain" their line of reasoning by 
providing the user with the pieces of knowledge used in reaching 
a conclusion. This ability to "explain" a line of reasoning has 
been important In user acceptance of these systems. In essence 
it adds what Nalsbltt (1984) refers to as "high touch" to Al high 
tech approach. Another key character i st i c affecting user 
acceptance of a computer system's results is the user interface. 
It is noteworthy that expert systems are almost always programmed 
with user Interactions in mind (geologists speak ax geologists, 
chemists as chemists, etc.). Indeed, "natural language" 
processing is an important area of Al research and this greatly 
enhances the likelihood of improved user Interfaces in future 
systems. 

Additional introductory material concerning the development 
of expert systems can be found in Duda and Gaschnlg (1981) and 
Stef ik et a I . (1 982). 

REMOTE SENSING APPLICATIONS OF ARTIFICIAL INTELLIGENCE 

One could probably find as many potential applications Of Al 
techniques to the field of remote sensing. The focus of this 
discussion wi I l address earth resource survey appl icatlons of 
remote sensing. Furthermore, our emphasis is upon image oriented 
data analyses. 
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Among generic Al research areas of special Interest are: 

o vision, perception, and pattern recognition 

o problem-solving; and, 

o Information storage and retrieval* 

Less central, but also of Interest, are automated speech 
recognition and synthesis. These topics are being Investigated 
as a means to al low voice data entry by Image analysts (Lukes, 

1 983 ). 

Some remote sensing appl Icatlons appear especial ly we I I 
suited for potential use of Al techniques. We will discuss 
three broad and somewhat overlapping application areas. Our 
discussion Is of the use of Al in these appl Icatlons areas Is 
necessarily somewhat speculative by necessity, given the present 
lack of examples. Application areas discussed are: Intelligent 

"onboard" processing advanced data base query and I nterrogat l on, 
and automated image analysis. 

INTELLIGENT ONBOARD PROCESSING AND ANALYSIS 

Even current remote sensing platforms must often accomplish 
a great deal of onbaoard processing f e.g. recording and 
transmission of Imagery to ground stations). When the platforms 
are unmanned satel I Itas this processing usual ly must be 
accomplished In a sem I -autonomous manner. This Is especial ly true 
for platforms containing sensor systems which are travelling In 
deep space. But even In earth orbit significant benefits could be 
obtained from more intelligent onboard processing* 

Examples of advanced onboard processing Include: automated 
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navigation and locating of scenes to be imaged; screening of 
conditions that might influence data col I action, and; automated 
change detection. Oata compression could also fall into this 
category if adaptive procedures are used to select optimal 
compression parameters or techniques. 

An example of research oriented towards intelligent onboard 
processing is the Feature Identification and Location Experiment 
(FILE), which flew on the second Space Shuttle mission Sllvartson 
et al., 1982). The FILE is a system designed to test techniques 
for real-time autonomous classification of four primary earth 
features: water; vegetation; bare land; and clouds, snow, and 

Ice, clouds snow and Ice are considered one category on f i I a as 
all of these features typically exhibit high reflectance. 

The FILE system senses earth radiation in two spectral bands 
(red and Infra-red bands centered at 0.65 and 0.85 microns, 
respectively). Real-time classification decisions are made by 
the instrument based on a predeterm i ned partitioning of the two- 
band measurement space. Viewing angle factors (solar zenith 
angle, solar sensor azimuthal angle, and sensor viewing angle) 
are accounted for by a sunrise detector subsystem and specific 
viewing angle assumptions. Variations in atmospheric conditions 
are presently not directly accounted for; however, a ratio 
technique Is used that to some degree minimizes atmospheric 
effects. 

An obvious application for a FILE-type system would be for 
onboard data acquisition decisions to be based upon cloud cover 
conditions. General or location specific thresholds could be 
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used as a basis for the system activation of an imaging sensor 
system. A more sophisticated version could evaluate atmospheric 
haze conditions based on a combination of information from 
additional sensors and through the l nterrogati on of ground 
stations, criteria. 

Given information of approximate platform location and 
orientation parameters, in conjunction with a reference Image of 
the area involved, an advanced- systems could perform automated 
image cross-corre I ation. The calculated offsets could then be 
used for precise navigation and scene selection purposes (perhaps 
using pointable sensors) or as a basis for an onboard change 
detection system (using image differencing techniques?. For 
change detection purposes further processing would, however, be 
required to separate changes due to natural phonologic cycles 
from those caused by unusual episodic events, but the potential 
benefits of an intelligent data acquisition system such as this 
appears substantial (Freitas and Gilbreath Ceds.]. 1982). 

DATA8ASE QUERY AND INTERROGATION 

Management of imagery and other types of spatial data can be 
critical to remote sensing projects. As spatial data sets become 
larger the tasks Involved i r, processing and analysis become more 
difficult and often more Important. Among the key tasks of 
remote sensing database management are: identifying existing 

remotely sensed data germaine to the task; identifying existing 
collateral data; selecting what new data is required; and, 
providing user friendly Interaction. When remote sensing and 
other types of spatial data (e.g. maps) are integrated for 


13 



The Potential of Ai 


analysis It Is commonly done within the framework of a geographic 
information system (GIS). It Is typical for a GIS to offer some 
level of database management capabilities. Few existing GIS, 
however, have database management facilities comparable to those 
of well established commerical database systems (Blaser Cod.] 
1980, Klinger et ai. Ceds.], 1977). Commercial applications of 
database management systems (DBMS) have been extremely successful 
In banking and other accounting oriented applications. It Is In 
these types of DBMS that most of the advanced work has been 
accomplished. However, these commerc I a II y-or l anted are not 
easily modified to serve In spatial data manipulation. As a 
result, the development of advance spatial data base management 
systems has suffered and Indeed many existing GIS packages do not 
even exploit the current level of DBMS sophistication. 

For some time, database systems technology has been an 
active area within computer science. Intel l igent retrieval from 
databases has also become one of the major research topics within 
the artificial intelligence community (Nilsson, 1980). Some of 
the most advanced DBMS offerings now Incorporate AI techniques in 
their user Interfaces, permitting limited natural language 
I ntereact I on s (e.g. some can respond to limited vocabulary in 
spoken Engl I s h ) . 

It has recently been suggested that GIS technology may stand 
to significantly gain should certain methods from database 
systems and artificial Intelligence be incorporated (Estes, 

1982). An excellent review of these topics is presented by 
Pazner et al, (1983). Stressing the urgent need to Improve GIS 



The Potential of Al 


technology, Pazner notes that It Is spatial datasets In general, 
and the very large georef eranced databases In particular, which 
stand to benefit most from the I ncorporatlon of Artificial 
Intel llgence techniques. Pazner goes on to say that "Oue to the 
considerable complexity of handling very large databases, and 
spatial ones In particular, it appears Inevitable that Al methods 
shall be Integrated Into GIS systems In the future.” 

There are three obvious ways by which Al -based 03MS 
methodologies may Improve future GIS performance: 

o approved user Interfaces to facilitate user 
Interactions with the system 

o Increased efficiency for querying and altering data 

according to the user's needs 

o general enhancement of capabilities to allow 
the system to answer a wider repertoire of 
questions about the data as well as about Itself 

The Interested reader Is referred to the review by Pazner et 
al. (1983) for a more detailed discussion. As an outgrowth of 
this work researchers at the University of California are 
currently developing a prototype GIS which Incorporates Al 
techniques. The system being developed under the direction of 
Drs. Terence Smith, Donna Peuquet and John Estes has an advance 
structure with parallel object and attribute trees. The system 
has the capability to learn from queries put to It by users. 

AUTOMAT a'D IMAGE ANALYSIS 

This section examines the potential application of 
artificial Intel I Igence techniques to automated Image analysis 
tasks from the perspective of earth resources remote sensing 
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applications* As background we first briefly compare and 
contrast the current status of human and computer-ass I si ed 
approaches to Image Interpretation based on research by Estes et 
at, 1983 and TInney, 1983. A brief review of automated Image 
analysis procedures Is then presented to demonstrate the recent 
trend toward procedures which more closely mimic those of human 
analysts. 

The tasks of both a human Image Interpreter and automated 
Image l nter-pretat I on are basically similar, namely detection. 
Identification, measurement, and problems solving (see Figure 2). 
In most image I ntar preta 1 1 on problems of interest to geographers 
computer-assisted techniques currently lag far behind human 
techniques In terms In both speed and accuracy. Continual 
Improvements In computing hardware, especially lower cost array 
processor well suited for Image processing, are rapidly Improving 
the speed of computer-assisted image analysis. 

Substantial improvements In accuracy, however, may not be 
possible without fundamental changes In the structure of 
automated procedures. 

One of the most significant contributions to date of the 
computer-assisted approach has been some necessary focus upon the 
basic elements and processes Involved In Image I nterpr etat I on. 
Because all Image operations must be explicitly specified for a 
computer program It has been necessary to move away from the ill- 
defined "gray box" mode of operation ai I too often prevalent In 
discussions of human Image I nter pr etat I on processes. 

Early automated work emphasized pattern recognition 
approaches, A substantial subfield has developed within computer 


16 



The Potent i a I of A I 


\ 


science aimed at developing the ability of computers to 
"recogn i ze" patterns of data. When these techniques were first 
invented, the mathematical elegance of the basic ideas was so 
attractive that many early researchers were overly ambitious and 
optimistic about the general utility of the techniques. It is 
now recognized that pattern recognition methods alone are 
Inadequate in situations which require awareness of context or 
the use of knowledge, characteristics common to most interesting 
image analysis problems. The Al field has addressed these types 
of problems and the techniques already developed promise to 
substantially change our automated procedures; In many instances 
these changes wil I result In techn iques slmilar to those employed 
by human image analysts, thus acceptance of these new techniques 
should be rap i d^ once they are more ful ly developed. 

IMAGE ELEMENTS 

The primary elements of image I nterpretat I on (tone, texture, 
site, etc.) appear common to both human and computer-assisted 
procedures. (Figure 2) Their current usage, however, ts 
dramatically different. Each of the elements can readily be used 
by image analysts In performing their tasks. In contrast, most 
automated remote sensing Image analysis Is based on tone 
or color exclusively (here we are considering mu I 1 1 spectra I 
response as an extension of color) (see figure 5). This seems to 
be the result of an overly focused pursuit of the "mu I t i -spectra I 
signature" concept and the relative simplicity of implementing 
"single pixel" mu I 1 1 spectra I classification algorithms using 
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statistical pattern recognition techniques. At some point, and 
hopeful ly soon, the remote sensing co„u^, . . ; nee os to rjcc^nl . 
the limits of the mu I 1 1 spectra I concept and pursue u aro&v.*.' 
based approach to scene analysis. 

Various procedures have been developed to incorporate 
additional elements but only texture and site currently appear to 
be used on an operational basis. As used in automated analyses, 
however, textural features tend to be simplistic representations 
that certainly do not capture al I of the spatial Information that 
human Image analysts refer to as "texture". 

Factors relation to site typical ly are used via 
stratification techniques and/or class a priori probabilities. 

Automated use of other Image I nterpretat I on elements appears 
to have been demonstrated, If only on a limited basis. Related 
to site as a locational element Is assoc I at I ong/context. Several 
recent examples of "contextual*? classification make explicit use 
of neighboring pixel character I st I cs, thus I ncorporat I ng some 
level of association Information. Various "region growing" 
algorithms have been developed that could al low region sizes to 
be determined and used as a discriminating variable. Shape Is a 
very difficult element to Incorporate but methods have been 
defined to use shape albeit on a limited basis to date (e.g. via 
a syntactical classifier, to be discussed later). Cloud and 
shadow relationships have been used as a basis for detecting 
clouds; the use of additional sun angle Information could be used 
to determine cloud height. It should be stressed that even 
though use of most elements has been demonstrated, many examples 
entail only a small aspect of each element’s total information 
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content* And the majority of current computer-assisted image 
analyses still relies solely upon single pixel multlspectral 
response (tone/color). 

Edge detection and segmentation are two procedures growing 
In use in the computer-assisted approach to image i nterpretat i on* 
The necessity of using these procedures to define some elements 
(e.g* size and shape) identifies a possible gap or illogical 
structure in our set of basic elements as currently defined for 
human image 1 nterpretation. it seems likely that a hierarchy of 
elements and operators exists* Even more disturbing is that some 
of the texts on image i nterpretat I on present different sets of 
basic I nterpretat I on e I ements; imagine :iemistry with a shifting 
set of basic chemical elements! It is clear that the basic 
elements of Image I n terpr etat i on need to be carefully reviewed 
and defined. 

TRAINING ANO LABELING PROCEDURES 

Scene specific labeling and training by example Is widely 
used in multlspectral pattern recognition* Little "signature 
extens ion" capability, (the effective use of training or labeling 
data from one scene for another scene), has been demonstrated. 
This is largely due to environmental variations (e.g,, 
atmospheric conditions, climate zones, etc*). Training by 
example is directly analogous to the use of i nter-pretat i on 
"keys" by Image analysts* Currant digital pattern recognition 
techniques, however, are not as flexible as those employed by an 
analysts, who can mental ly account for si ight temporal offsets, 

1 9 


v 



The Potential of Al 


ORIGINAL PAGE !3 
OF POOR QUALITY 


atmospheric variations, and other factors that are beyond the 
capability of most computerized algorithms. 

An alternative to scene specific training or labeling is the 
development of a mathematical model protraying the object or 
phenomenon of interest. Recent work by 3adwar (1931) clearly 
demonstrates this approach using multldate sets of Landsat 
imagery for crop identification purposes. 8adwar has developed 
crop specific mathematical models of "greencss" (a transf ormat i on 
of Landsat data Indicative of plant biomass) through time. Curve 
matching techniques are subsequently used which allow for some 
temporal offsets (signature extenstfon in the temporal domain). 
This approach appears to perform we I I for a variety of 
environments (spatial signature extension). The mathematical 
model approach appears somewhat analogous to the perceptual 
models employed by human analysts, although no deductive 
reasoning is explicitly I ncorpor ated. 

INCORPORATING COLLATERAL OATA 

Collateral material may be used for computer-assisted image 
analysis In basically the same ways used by image analysts, 
although the methods for i ncorporat i ng such oata ore less we I I 
jevuloped. Hutchinson (1982) and others have systematical ly 
, .rod the various whera^, both discrete (e.g. sells 

maps) and continuous (e.g. terrain slope) collateral data may bo 
incorporated into pattern recognition algorithms. Implicit in 
some of these methods is the use of col lateral data in a 
geographic information system framework that al lows simple logic 
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the development of analysis procedures that extend beyond simple 
pattern recognition and into the realm of symbol Ic or logical 
reasoning techniques which are characteristic of Artificial 
Intel I fgence. 

CLASSIFICATION TECHNIQUES 

Available classification techniques has evolved 
substantial ly since the first digital classification algorithms 
were developed* However, many of the original algorithms, are 
stil I widely used due to the computat i on a I comp I ex i ty of more 
advanced techniques. The following section compares various 
approaches to mu I t i spectra I classification focusing on their 
strengths, limitations and future applicability to advances in 
computer-assisted image analysis. The c l ass i f i c i at i on approaches 
examined are statistical pattern recognition, syntactical pattern 
recognition, and symbolic reasoning. 

Statistical Pattern Recognition 

The most common compu+ar-assi sted classification procedure 
is also among the most primitive; what is often termed 
"statistical pattern recogn i t i on" makes use of training data to 
characterize patterns of Interest in some statistical manner. 

This decision-making method has been found to be most effective 
in two types of problems (Raphael, 1976): 

1. Classification of complex signals when the proper features 
are measured and the number of dimensions are kept small 
(typically less than ten). 

2. Recognition of simple shapes. 
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One result of this Is a major effort toward? optimal 
representat I on and feature extraction (e.g. ,band selection and 
various transf ormat I ons, such as a principal components, directed 
towards dimensionality reduction). As noted earlier, however, 
pattern classification methods alone are virtual !y useless In 
situations which require awareness of contoxt or the use of 
pertinent additional knowledge. 

The use of decision tree structures Is sometimes used to 
Improve c i ass I f l cat i on results. This is often termed the 
"layered” approach to classification. This approach clearly 
implies the use of higher order, helrarchical decision making 
procedures. The integrated use of image analysis In a geographic 
information systems context has provided a major impetus to this 
approach (Hallada at al., 1981). In many instances it is 
possible to implicitly incorporate high order inference rules 
into a tree structure. That this approach typically requires the 
sometimes tedious construction of a new tree structure with each 
new problem or data set has led to movement towards procedures 
that make more explicit use of inference rules. 

Syntactical Pattern Recognition 

From the study of languages comes another slightly higher 
order procedure termed syntactic pattern recognition. 
Conventionally, a language is defined as a set of strings over an 
alphabet, where the alphabet consists of the set of ail symbols 
which can appear in the language strings. A string is a definite 
ordered sequence of symbols. A grammer is a set of rules which 
define how the strings of the language are formed. A grammar can 
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be used to recogrlze the languages strings by using the rules in 

reverse order. This concept can be generalized In a number of 

ways to define grammars for classes of Images* This approach has 

been most widely used In Image analysis to recognize shapes based 

upon order of component parts* Syntactic methods have been used 

for locating highways and rivers in landsat images and for 
% 

texture mode ling, 

SYMBOLIC REASONING 

It seems appropriate here to emphasize the necessity of 
exploring the development of symbolic reasoning procedures that 
employ formal inference. It is Interesting to note that this 
approach to Image analysis Is being vigorously pursued by 
computer scientists interested in computational approaches to 
"image understanding" <3rady, 1982), Much of this work has been 
conducted under the Defense Advanced Research Project Agency*s 
Image Understanding Program. Although most of this research Is 
directed towards high resolution panchromatic imagery, the 
techniques are analogous to those employed by human analysts and 
will probably need to be pursued if substantial progress is to be 
made at extracting the inherent information of higher order image 
elements. Although these techniques are not presently 
incorporated within the field of earth resource remote sensing it 
appears likely that symbolic reasoning approaches, or some 
derivative thereof, will eventually dominate computer-ass I sted 
image interpretation. 

In 1975, the Defense Advanced Research Project Agency 
fDARPA) Initiated a major research effort cal&ed the Image 



The Potential of Al 




Understanding Program (Druffei, 1979)* This program was the 
direct outgrowth of an earlier effort called the linage Processing 
Program through which research In Image enhancement, image 
restoration, encoding for bandwidth compression, and visual 
system modeling was sponsored. A major purpose of the Image 
Understanding Program was to investigate the use of a priori 
knowledge to facilitate an understanding of the re I at I onsh l ps 
among objects In a scene. Primary thrusts Included smart 
sensors. Iconics (visual phonetics) and symbolic reprasen tat l on. 
Potential applications of Image understand I ng research are 
discussed In Oruffel (1979), Duda and Garvey (1980), and Lukes 
(1981). An excellent overview of recent theoretical developments 
In the program is provided by Brady (1982). Brady Identifies 
some common themes that appear to have crystal Ized over the past 
decade as fol lows: represen tat i ons have been developed that raake 

explicit the information computed by a module (most modules do 
not work on raw data, but on computed representat I ons, e.g. edge 
Images); the mathematics of image understanding are becoming more 
sophisticated; local ly para! lei arch l tectures have been 
developed; attention has shifted from restrictions on the domain 
of application of a vision system to restrictions on visual 
abilities, with current concentration topics correspond l ng to 
Identifiable modules In the human visual system; and, there are 
growing links between image understanding and theories of human 
vision. 

Image represen tat i ons are discussed in some detail by Ahuja 
and Schacter (1982), who stress the importance of the concept 
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using the framework of an "Image model". They distinguish 
between low-level models that provide concise abstractions of 
spatial variations (e.g. auto-corre I at i on function, variogram, 
mean, gradient, etc.) and high level models that Invo; *e highly 
semantic descriptions and a large degree of outside of a priori 
knowledge about a scene to augment the raw data. 

Of the many disciplines closely related to Image 
understanding, four appear of particular interest to the computer 
science community: Image processing (Image transmission, 

storage, enhancement, restorat 1 on ) , computer graphics (display of 
visual l nf ormat i on) , computer-aided design and manufacture or 
CAD-CAM (requires attention to surface representat l on ) , and 
pattern recognition. Pattern recognition historically Is the 
area most closely related to Image understanding. Brady (1982) 
Identifies the most significant differences between pattern 
recognition and image understanding as follows: pattern 

recognition systems are typically concerned with recognizing the 
Input as one of a small set of possibilities whereas Image 
understanding alms to construct rich descriptions that cannot 
be enumerated in advance but need to be constructed for each 
Individual Image; pattern recognition systems are mostly 
concerned with two-dimensional Images; Image understand i ng has 
dealt extensively with three-dimensional Images; and, most 
significantly, pattern recognition systems usually operate 
directly on the image while image understanding and indeed most 
visual processes operate not on the image but on symbolic 
representations that have been computed by earlier processing 
(e.g. edge detection). 
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It seems apparent from this review that Al-based approaches 
offer a logical means to pursue more advanced Image analysis. 

Not so clear are the specific tasks and limitations associated 
with this approach. The following section addresses some of 
these issues. 

DEVELOPING Al ASSISTED IMAGE ANALYSIS SYSTEMS 

Developing an Al-based Image analysis system Is a complex 
task typically requiring years of effort. Although development 
periods have been speeded up with the advent of new "knowledge 
acquisition" tools, the development of a successful expert system 
Is still cons l derad to fall In the two year -plus range (Davis, 
1962). Image analysis Is one of the more difficult areas for 
which Al techniques are being applied. 

The field of Al is still relatively small, thus there Is 
going to be competition for the limited amount of knowledge- 
engineering expertise. Recent successes In Al are still more 
promising than productive, but the promise for Improvement has 
brought about a great deal of interest by disciplines that are 
comparatively "rich" when compared to earth resources remote 
sensing (medicine, defense, petroleum, etc.). 

The computational resources considered necessary for 
developing Al systems Is also different than those typical ly 
available for remote sensing. Specialized languages such as L I SP 
and PROLOG are strongly preferred by most Al researchers. Even 
specialized hardware (e.g. "LISP machines") Is becoming available 
to enhance the performance and development of Al programs. 


26 


The Potent I al of A I 


There Is also the need to pursue only appropriate tasks 
tasks to codl f y the knowledge base necessary for these tasks In 
the systems. This will require substantial work and obviously a 
critical review of how Image analysts go about doing their Job, 
for If we cannot formal ize how analysts go about their tasks we 
cannot automate the procedure. 

Although difficult, the process of automating image analysis 
using Al techniques has already, begun for appl Icatlons outside 
the realm of earth resources. Among the Initial systems In this 
area are the ACRONYM system at Stanford University (Blnford and 
Brooks, 1979), the HAWKEYE system of Stanford Research Institute 
(Bolies et al.,), and the ARGOS system of Cargeg I e-Me I I on 
University (Rubin, 1978). A very good book discussing the 
development of such a system has been written by Nagao and 
Matsuyama <1981)* 

Finally, special attent ion will need to be dl rected towards 
those conditions that are perhaps somewhat unique to geography In 
particular and earth resources applications In general. For 
example, the uses of Al applications where a multistage remote 
sensing approach combines data from literature and archives with 
data from the field, and Imagery from sensor systems cover larger 
and larger areas in a geographic information system framework. 
Indeed as seen above work which combines image analysis and 
Information systems assisted by Al techniques is a major key to 
the future of large scale remote sensing applications. These 
potential Implementation Issues suggest that the. development of 
Al -based systems within the remote sensing community will not 
occur as rapidly as previous developments. The tasks ahead are 
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both difficult and time consuming. Careful attention will be 
required to assure the "right" tasks are automated and a proper 
balance of man-and mach l ne-or I ented procedures Is established. 

CONCLUSIONS 

Many of the techniques being developed by the artificial 
Intelligence community appear relative to the needs of remote 
sensing. From Improved classification performance to better user 
Interfaces, the potentials offered by Al-based techniques are 
promising and could aid significantly In facilitating more 
widespread acceptance of computer generated remote sensing 
products. 

As reviewed In this paper, the basic foundations of human 
Image I nterpretat I on as currently practiced In earth resource 
applications of remote sensing are In need of critical review; 
the basic el ements are Ml -defined and perhaps l ncomp late. The 
development of better computer-assisted procedures for Image 
analysis will require substantial efforts even after we better 
understand our own procedures. At-based procedures seem to be 
appropriate for Improving Image analysis but conditions somewhat 
unique to our field will need to be careful I y addressed. 

As seen In figure 4, as aerial photographic Interpretation 
has evolved Into the discipline of remote sensing, the field has 
become Increasingly complex. Sensor platforms have moved from 
tethered bal loons to orbiting satel I Ites. Sensor systems have 
developed from cameras which employ analog processes to produce 
photographs to electronic systems which digitally record images 
of a given scene. Analysis techniques have progressed from the 
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use of manual Image analysis procedures to perform simple 
Identifications of objects or phenomena and their significance 
from photography alone of a sma I I area; to the appl Icatlon of 
machine-assisted analysis in the modelling of complex processes 
-...ploying multiple data sources for global surveys. 

V.i e reader n as only v. . xsrn I ne thw current edition of The 
Manual of Remote Sensing to get a feel for this complexity 
(Colwel I, 1903). This two volume work of 2440 pages Dy over 200 
authors details the ranges of systems techniques and app I Icatlons 
of remote sensing today. Yet, many of use in remote sensing and 
many who want to apply remote sensing to their problems are 
frustrated by this complexity of: what systems to choose from; 

what times to col lect data or where to get data; how to process 
Itor; what has been done to It before the researcher gets tt. 
These are but a few of the val Id questions researchers or 
applications oriented users may pose. There Is a need for ways 
of helping the users of remote sensing data through this process. 
What I s needed I s a way to un I ock the comp I ex "b I ack box” of 
remote sensing and make this high tech field more accessible to 
the users such as regional, historical, cultural and physical 
geographers who can make excel lent use of these data in their 
given research areas. As Naisbitt (1984) would say, high touch 
Is required. High touch must accompany high technology to 
counter balance the normal human response to forced technology. 
Often In the 1960's ana 1970's potential users of remote sensing 
were "turned off" by oversel I of this technology. This was 
forced technology. Indeed this situation is still occurring. 
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Yet, in a subtle way, the increased application of techniques 
from the field of Al Is a trend towards adding the high touch 
required to Increase the potential acceptance of remote sensing 
by a wider variety of users. The work in expert systems and 
natural language is particularly Important here. This work is 
sharing the process of acquisition, processing and analysis of 
remotely sensed data easier and more understandable to users at a 
variety of levels of sophistication. This Al high touch can, in 
effect, if properly implemented, let geographers function more as 
geographers and less as librarians, communications specialists, 
computer scientists, image processors and so on. Al may just 
hold an extremely significant key to unlocking the potential. of 
remote sensing for not only the broader geographic community 
specially, but for scientists and users In many other fields in 
universities, government agencies and private industry as wel I. 
Research on the applications of Al in remote sensing must 
continue and be expanded. 
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